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FOREWORD 


Sugar Beet Research is an annual compilation of research 
accomplishments by staff members of Sugar Beet Investigations 
and by Cooperators. 

The Report serves as a medium of presenting results of 
investigations that have been strengthened by contributions 
from the Beet Sugar Development Foundation and as a means of 
reporting research accomplishments under Cooperative Agreements 
between Crops Research Division, Agricultural Research Service, 
U.S. Department of Agriculture, and the Beet Sugar Development 
Foundation; the Farmers & Manufacturers Beet Sugar Association; 
Union Sugar Division, Consolidated Foods Corporation; and the 
California Beet Growers Association, Limited. 

The pertinent Foundation Project has been indicated on the 
title page for various "Parts" of the Report. Some of the inves- 
tigations reported by staff members of Sugar Beet Investigations, 
as well as by Cooperators, have not been supported by the Beet 
Sugar Development Foundation; therefore, a Foundation Project 
number on a title page should not be construed as meaning that 
all investigations received Foundation support. 

Cooperators and cooperating agencies have been indicated for 


individual reports and on the title page of various Parts. 
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HIGHLIGHTS OF ACCOMPLISHMENTS 


New Facility for Sugarbeet Research.--The Crops Research Laboratory, 
located on the campus of Utah State University, Logan, Utah, was dedicated 
October 26, 1961. The staff of Sugar Beet Investigations occupies approxi- 
mately 15 percent of the office and laboratory space and one of the two 
greenhouses presently available. This is the first Federal laboratory in 
which sugarbeet production research was provided for in the original plans 
and construction; therefore, the Logan facility represents a new era in 
Federal housing of sugarbeet investigations on breeding, genetics, physi-~ 
ology, and diseases. A photograph of the architectural rendering of the 
structures and the scenic environs is given on page 67. 


The staff members of Sugar Beet Investigations formerly located at Salt Lake 
City, Utah, and at Twin Falls, Idaho, have been transferred to the Crops 
Research Laboratory. The moves have caused some interruption in research 
activities, but vigorous programs of basic investigations on regional prob- 
lems in breeding, genetics, physiology, and plant pathology are being devel= 
oped at the new location. 


New Inbreds, Varieties, and Hybrids.~-During 1961, Sugar Beet Investigations 
made available to the Beet Sugar Development Foundation 28 new developments 
in breeding research under provisions of a Memorandum of Understanding. The 
items proposed for seed increase and utilization have been described on 
pages 7-12. The plan of utilization of the items by members of the Founda- 
tion is given on pages 1-18. Small quantities of seed of most of the items 
proposed for increase were supplied to members of the Foundation, thereby 
permitting company breeders to explore the potential value of the items 

in their breeding programs. 


Seed productions in 1961 of items proposed for seed increase in 1960 are 
given on page 19. Descriptions of the items proposed for seed increase and 
utilization in 1960 are given on pages 7-11 of the 1960 Report. 


Through the Beet Sugar Development Foundation, 9 additional special items 
of breeding material developed by the staff of Sugar Beet Investigations 
were supplied to plant breeders of sugar companies. 


Monogerm Seed Production.=-The trend to monogerm seed in the United States 
is — on page lo. The production records for 1956 through 1960 were 
taken from Agricultural Statistics, USDA. The preliminary estimate of the 


percentage monogerm in 1961 production is based on information supplied by 
seed companies and sugar companies producing sugarbeet seed. 


Preliminary estimates of production indicate that approximately three-fourths 
of the seed crop in 1961 was monogerm--a remarkable advance since 1956 when 
only 3.7 percent was monogerm. The progressive trend to monogerm seed pro~ 
duction is a reflection of the progress that has been made by sugarbeet 
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breeders of this country in the development of adapted monogerm varieties 
and hybrids. The accomplishments reported in previous issues of Sugar 
Beet Research have contributed significantly to the rapid development of 
monogerm varieties. 


Productive Hybrids and Varieties.--The multigerm hybrids US H2, US Hy, 

US H5, and US HO, which were developed by J. S. McFarlane, gave excellent 
performances in 1961 as in past years. The results of field trials by 
cooperators in the beet sugar industry and the results of other investiga- 


tions conducted under his supervision are given in Part II. 


Three-way crosses that have a male-sterile F; (MS of 7515 X 7569) as the 
monogerm parent gave gratifying performances in 1959, 1960, and 1961 (p. 23). 
The hybrid obtained when the male-sterile monogerm Fy] was pollinated with 
NB7 (0539) gave 17 to 2) percent more gross sugar than US 75. The sucrose 
percentage of the hybrid was also higher than that of US 75. This mono- 
germ hybrid is equal to US 75 in curly top resistance and similar to US H6 
in bolting resistance. The development of the parental material of this 
monogerm hybrid is a significant accomplishment in breeding research. 


The excellent performances of the monogerm hybrids 910 and 9122A and 
various other hybrids in tests conducted by G. K. Ryser and C. H. Smith 
in Utah, A. M. Murphy in Idaho, and K. D. Beatty at Brawley, California, 
indicate the wealth of basic breeding material (Part III) that is being 
developed under the supervision of F. V. Owen. 


Variety evaluations in the Great Lakes region are reported in Part IV. The 
occurrence of leaf spot in the cooperative tests and throughout the region 
indicates that weather conditions in 1961 were wnusually favorable for the 
development of the disease. The relative performances of the varieties, 

as summarized by G. J. Hogaboam (p. 88), were influenced by disease toler~ 
ance. The relative performances in acreable yield of roots and gross sugar 
of the new monogerm varieties SP 6019-01 and SP 60195-01, developed by 

G. E. Coe, can be attributed to their inherent defense against leaf spot 
damage. 


Development of Inbred Lines and Basic Breeding Material.--The monogerm 
inbred Line 0562, developed by J. S. McFarlane, has shown above-average 
performance in combining-ability tests. It is more resistant to curly top 
than US 75 and is more resistant to bolting than NBl. It is good in vigor 
and downy mildew resistance, and pollen production is adequate. The level 
of male sterility in the MS of 0562 is similar to that of the MS of NBI. 
The male-sterile equivalent of inbred 7569 (McFarlane) is being used exten- 
sively in the production of commercial monogerm hybrids. The hybrid, 

MS of 0562 X 7569, is a promising male-sterile monogerm F, for use as 
female parent in the commercial production of three-way crosses. 


Breeder seed SP 6051-0, developed by G. E. Coe and cooperators in a coor- 
dinated program of breeding to establish parental material resistant to 

both leaf spot and curly top (p. 31), has shown a new level of combined 
tolerance to these major diseases. Under severe curly top exposure in a 
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test conducted by A. M. Murphy (p. 127) at Jerome, Idaho, SP 6051-0 was 
strikingly more resistant than US 33 but not as resistant as SL 202H9. In 
the test conducted by J. C. Overpeck (p. 81) at University Park, New Mexico, 
curly top developed early in the season and leaf spot later reached epidemic 
proportions. The plot of SP 6051-0 appeared as a green island in a field 
where other entries showed severe foliage damage and death of plants. The 
replicated test by J. 0. Gaskill (pp. 126 and 129) indicated a moderate 
level of productivity for SP 6051-0. Under leaf spot exposure the acreable 
yield of gross sugar of SP 6051-0 was significantly above that of SL 202H9. 


Chemical Genetic Studies.--Cooperative research on chemical genetics involv~ 
ing 13 characters has been reported by LeRoy Powers in Part VI. He has 
presented current results as well as relevant information from several pub- 
lications by him and coworkers. The summary (pp. 178-182) presents accom- 
plishments and establishes limitations as well as attainable goals in breeding 
programs concerning chemical genetics of sugarbeets. Among other principles 
set forth in the report, it has been shown that adaptation to high levels 

of fertility in the sugarbeet is a trait that can be conditioned by genetic 
background. 


Polyploidy.-~Studies on the influence of ploidy are significant phases of 
breeding research by staff members at three stations. V. F. Savitsky 

(Part VII) has found that many sugarbeet populations show improvement in 
curly top resistance after they are tetraploidized, and concludes that an 
expression of genes conditioning curly top resistance will be optimum at 
the tetraploid level, According to G. E. Coe (p. 339), leaf spot resistance 
and root yield in triploids were related to the parent contributing the 
diploid gametes. B. L. Hammond (p. 59) has directed his efforts to the 
tetraploidization of basic breeding material developed by J. S. McFarlane. 
R. J. Hecker (p. 206) has found that diploid lines react differently with 
respect to root weight when converted to autotetraploids but that the tetra~ 
ploid counterparts of lines tend to be higher in sucrose percentage than 
their diploid parent. 


Colchicine treatments were shown by Helen Savitsky (p. 225) to be more 
effective in doubling chromosomes in epidermal tissue than in primordial 
tissues that produce sexual cells. Therefore, leaf characters such as 
size of stomata and number of chloroplasts in stomatal cells should be 
used only as preliminary screening techniques. Final determination should 
be based on diploid gamete selection as given in 1960 Report. 


potcrspsel Hybridizations.--Cytological studies by H. Savitsky (p. 229) 
ve shown that,with some deviations, the development of inflorescences in 
Beta patellaris, B. procumbens, and B. webbiana follows the pattern of the 
muLltigerm sugarbeet. Therefore, hybridization does not produce monogerm 
progeny. 

Virus Yellows Investigations and Breeding for Resistance.-=-Studies by 

J. &. Duttus (p. 206) have shown the Petatior of overwintered plants as 


a source of primary inoculum to the incidence and epidemiology of yellows 
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and mosaic in new sugarbeet plantings. This information has direct applica- 
tion in development of means of reducing damage from virus diseases, espe- 
cially yellows in California. 


Breeding for resistance to yellows has been approached by J. S. McFarlane, 

C. W. Bennett, and I. 0. Skoyen (p. 319) through hybridization of curly top 
resistant lines with yellows resistant lines received from Dr. Henk Reitberg. 
In 1961, selections were made from segregating populations. Selections are 
also being continued from yellows tolerant lines derived directly from curly 
top resistant lines. Selections based on performance of infected seedlings 
in the greenhouse have been disappointing. 


A field test was conducted to determine damage of beet yellows, western 
yellows, and a combination of the two viruses. In varieties and hybrids, 
beet yellows caused a reduction in root yields ranging from 15.8 to 33.1 
percent. Combination of the two viruses reduced root yields 2.2 to 2.1 
percent. A similar test was conducted in 1960. Beet yellows reduced the 
average yield of entries 23.8 percent in 1960 and 2). percent in 1961. 

A combination of beet and western yellows virus reduced average yields 33.9 
percent in 1960 and 3.8 percent in 1961. Results of both years show that 
damages from beet yellows virus and from western yellows virus are additive. 


Curly Top Investigations. In 1961 curly top symptoms were unusually severe 
in fields near Shandon, Las Barros; and Tracy, California. Tests were con= 
ducted by C.W. Bennett (p. 276) to determine whether more virulent strains 
were present. The striking virulence of a strain from Shandon is illus- 


trated on page 280. 


The occurrence of highly virulent strains of the curly top virus is of much 
concern. Insidiousness of new strains of pathogens usually permits their 
widespread distribution before the need for combating them is appreciated. 


The marked increase in susceptibility to curly top,resulting from selec- 
tions made by J. M. Fife (p. 318) on the basis of amino acid concentration, 
is extremely interesting. 


Rhizoctonia Root Rot Investigations.--Investigations by J. 0. Gaskill on 
breeding for resistance to Rhizoctonia solani is given in Part XI. Atten- 
tion is directed to the encouraging performance of SP 611107-0 which was 
derived from a few surviving plants in a large population grown under 


severe exposure to the pathogen. 


Breeding for Nematode Resistance.--Effective methods have been developed 
for greenhouse and field evaluations of breeding material for nematode 
resistance by Charles Price (Part IX) at Salinas, California. Progress 

is being made in the establishment of basic lines and varieties showing 
improvement in tolerance to Heterodera schachtii as well as tolerance to 
the combined attack of the nematode and other soilborne pathogens. ‘Entries 
grown in crocks in 1961 showed average reduction of 18.8 percent in root 
weight, attributable to nematode inoculation of the soil. US 1 showed a 
reduction in root weight of 22.9 percent; 922A, a reduction of 50.9 percent; 
while entry 062-11 showed a reduction of only 0.8 percent. 
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Nematology Investigations.--Results of studies by A. E. Steele, Nematology 
investigations, Crops Protection Research Branch, are given in Part VIII. 

He found that five leguminous crop plants did not show, for 1961, signifi-~ 
cant differences in the decline of cyst populations in microplots of soil 
infested with Heterodera schachtii. Root diffusates of resistant lines 

gave factors that were about as effective as those of the susceptible lines. 
In tests of 1961 it was found that Nabam at concentration of ),000 ppm 
inhibited emergence of larvae from cysts of H. schachtii, as did sugar solu- 
tion of 30 percent or above. When the cysts were transferred to tapwater, 

a considerable number of larvae emerged. 


Leaf Spot Control.--Tests to determine the efficacy of oil and mixtures 

of oil and standard fungicides were conducted by C. L. Schneider (p. 351) 
and H. L. Bissonnette (p. 356). Tests at both locations showed significant 
increase in root yield for some of the fungicides. In the test at Belts- 
ville, the average acreable yield of roots and mean sucrose percentage 
showed an increase for oil alone, but more effective control was obtained 
from applications of oil-fungicide mixtures. The treatments at Beltsville 
were applied at the rate of 1 gallon per acre with a Knapsack mist blower. 


Tests conducted by H. W. Bockstahler (p. 118) at the Michigan Agricultural 
Experiment Station, showed that an average increase of 0.6 of a unit on the 
scale of leaf spot readings results in a reduction of 0.87 percentage units 
in sucrose. 


Black Root.--The procedures developed by C. L. Schneider for greenhouse 
screening of breeding material for resistance to Aphanomyces cochlioides 
have been presented in Part XII. He has indicated the eet re tolerances 
of various types of breeding material, including accessions of Beta maritima. 


Physiological Investigations.-eInvestigations on nitrogen nutrition in rela~- 
tion to quality have ee continued by Myron Stout (p. 360) in the greenhouse 
and field. Nitrates in the surface profile of the soil were considerably 
higher in recultivated strips than in the uncultivated area. 


In studies by F. W. Snyder (p. 363), leaf area on August 1 correlated better 
with root weight and sucrose percentage than leaf area at harvest. Petiole 
determination indicated that carbon™4 applied to leaves is transported 

more rapidly under high nitrogen nutrition than under low nitrogen nutrition. 


A useful method of root storage in polyethylene bags has been presented 
by C. H. Smith (p. 367). 


Greenhouse Chambers for Seed Production.=~-Description of small, prefabri-~ 
cated greenhouse units, useful in the production of seed under isolation, 
has been given by J. S. McFarlane and I. 0. Skoyen (p. 61). The chambers 
have proved satisfactory under conditions at Salinas, California. 
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Items Proposed for Seed Increase 1961 
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NEW DEVELOPMENTS IN BREEDING RESEARCH 


Items Proposed for Seed Increase 
May 23, 1961 


Breeder seed, inbred lines, and varieties, which have been developed in 
the breeding research of Sugar Beet Investigations, are proposed for seed 
increase through the Beet Sugar Development Foundation. Seed not needed 
for planting overwintering plots will be furnished on request to company 
members of the Foundation for utilization in their breeding programs. 
Brief descriptions, current designations, and estimates of seed available 
August 1 are given for the items. 


These new products of breeding research have been developed by the staff 
of Sugar Beet Investigations in work conducted under Cooperative Agree- 
ments with: 


Colorado Agricultural Experiment Station 
Michigan Agricultural Experiment Station 
Minnesota Agricultural Experiment Station 

New Mexico Agricultural Experiment Station 
Utah Agricultural Experiment Station 

Beet Sugar Development Foundation 

Farmers & Manufacturers Beet Sugar Association 
Union Sugar Division, Consolidated Foods Corp. 


Items Proposed for Seed Increase and Utilization 
T. U.S. Sugar Beet Field Station, Salt Lake City, Utah. 


Item 1. Monogerm CT5 (BC ) Pollinator - - = - - = 3 pounds 


A curly-top-resistant line recovered after first 
backcross to CTS which it resembles. Line has good 
combining ability in crosses with multigerm male- 
sterile lines but does not appear to have the same 
combining ability in hybrids involving monogerm 
male-sterile lines. CT5 (BC,) is very close to 
type-0, but it is not completely type-0. The line 

is recessive (rr) for hypocotyl color. (For descrip- 
tion of CT5 multigerm, see Sugar Beet Research, 1957 
Report, page 5.) 


Item 2. 


Item 3. 


Item )). 


Item 5. 


Item 6. 


Item 1 ° 


Ttem 8. 


Item 9. 


Zen 


Male-sterile of Monogerm CT5 (BC}) - - <- = @ pounds 


Recovered after the first backcross to CT5 
multigem (see Item 1). 


Monogerm CT5 (BCp) Pollinator ee eee en om = LEDOUNE 


A line recovered after 2nd backcross to CTS 
(see Item 1) and carefully indexed for type-0 
constitution. CTS (BCo) is recessive (rr) for 
hypocotyl color. 


Male sterile of Monogerm CT5 (BCo) - - - - 1 pound 


Recovered after the 2nd backcross to CT5 multigerm 
(see Item 1). 


SLC 132, Monogerm Pollinator - - - = = 2 pounds 


SLC is a poor pollen producer but has better vigor 
than many curly-top-resistant monogerm lines and 
shows good combining ability. The line is high in 
curly top resistance, rr genotype for hypocotyl 
color, and close to but not completely type-0. 


In crosses to "superior male sterile" the progenies 
have been completely male sterile. The term “superior 
male sterile" signifies a male-sterile population 
obtained after backcrossing to a reliable type-0 
pollinator such as SLC 127, 128, or 129. ° 


SLC 132-0 Monogerm - - = = = = 1 pound 


SLC 132-0 monogerm is the same as SLC 132mm, but 
seed from aa or Mendelian male-sterile plants. 
Approximately 20% aa segregates expected in progeny. 


SL 1460 (SLC 03) aiiGa (7-8 <10 a Yage 2 pounds 


Multigerm annual type-O pollinator. SL 160 is 
a proven type-O pollinator and is useful for 
production of the superior male-sterile annual 
beet which in turn is used for indexing purposes. 


SL 1)60HO +f He). =!) ~ pend? =fieeh@on fan) pounds 


A superior multigerm male-sterile annual obtained 
by successive backcrosses to SLC 03. 


SL 14500 monogerm annual - -— €,2 spag=he 1 pound 


A pollinator that is nearly type-0 construction 
but not completely so. 


= 9h 


Item 10. SL 1)500HO Monogerm Amual atte aS Si 1/2 pound 
A male sterile obtained by backcrossing to 
SL 14500. 

Item 11. Tetraploid US 10) Multigerm - - - - 1 pound 


A tetraploid equivalent of US 1oh, 
developed by Dr. Helen Savitsky. 


II. U.S. Agricultural Research Station, Salinas, California 


Item 12. C156 Monogerm a Rada Tile a 1 pound 


A monogerm inbred with good resistance to both 
curly top and bolting. This inbred represents 
an increase of an F, selection from a cross 
between the bolting-resistant C8507mm and the 
NB6 inbreds. Combining ability tests are 
currently underway. 


Suggested utilization: (a) Small increase of 
C156 and (b) production of F; hybrid using 

C1546 as pollen parent and F6t-S62HO as seed 
bearing parent. 


Item 13. C163T, 4M Multigerm a pe eens sl ut SNK) a 3 pounds 


A tetraploid line developed from C663. Nine 
tetraploid plants were identified in the C, 
generation. The Cj plants were checked cyto- 
logically and a small seed increase is being 
made at Salinas. Two triploid hybrids are 
also being produced for use in variety tests. 
An increase of C163T and the production of 
additional triploid hybrids are suggested for 
use in evaluation tests. 


(Developed by Dr. Bayard L. Hammond. ) 


III. Sugar Beet Investigations, Fort Collins, Colorado. 
Ttem 1). FC 501 Monogerm - = = = = = 200 grams 


A type-O0 monogerm, rr, So inbred line with good 
leaf spot resistance and relatively good foliage 
uniformity and vigor. Roots are small and crowns 
tend to be high. The line may be useful to company 
breeders as a source of good leaf spot resistance 
combined with genes for the monogerm and type-0 
characters. 


«~ 10 .— 


Iv. Plant Industry Station, Beltsville, Maryland. 


Ttem 15. 


Item 16. 


Item 17. 


Item 18. 


Item 19. 


SP 6121-0 Monogerm a> ef Prete pétay = 2 pounds 


A type-O0 line carrying good leaf spot 
resistance and moderate resistance to black 
root. The combining ability of the line as 
well as that of its mle-sterile equivalent 
is not known. 


SP 6121-01(MS ) Monogerm - -f- = = = ), pounds 
Male-sterile equivalent of SP 6121-0. 


SP 6161-0 Monogerm TEL | ie tae ey 5 pounds 


A monogerm synthetic variety derived from 
the interpollination of 6 clones. The first 
seed production was designated SP 6061-0, 
which had good black root resistance and 
excellent leaf spot resistance. Its per~- 
formance at Beltsville was very similar to 
that of SP 5822-0. 


In selecting parental clones for the synthe- 
sization of SP 6061-0, emphasis was placed on 
root yield. SP 6161-0 is a seed increase of 
SP 6061-0. 


SP 6162-0 Monogerm mi Sh OWS ISS 5 pounds 


A synthetic monogerm variety produced by the 
interpollination of 5 clones. The first seed 
production was designated SP 6062-0, which is 
similar to SP 6061-0 (see Item 17); but in 
selecting parental clones, emphasis was placed 
on sucrose percentage rather than on root yield. 
SP 6162-0 is a seed increase of SP 6062-0. 


SP 6019-01 Monogerm ig, an! Ee Teel: om 5 pounds 


A monogerm variety with moderate resistance to 
leaf spot and black root. 


Note: SP 6019-01 and related varieties 

SP 60195-O1 and SP 60196-01, which have similar 
breeding histories, are under field trial in 
1961. The variety most attractive August 1 
will be made available for seed increase and 
utilization. 


Soe 


V. Sugar Beet Investigations, East Lansing, Michigan, in 
cooperation with Michigan Agricultural Experiment Station. 


Item 20. 


Item 21. 


Item 22. 


Item 23. 


EL 61B18-0 Multigerm - = = =, 1 pound 


Seed production from 32 selected plants of 
hybrid SP 59B18-0. Selections were made on 
root size, leaf spot resistance, and frost 
tolerance. In two tests in Michigan (see 
Sugar Beet Research, 1960 Report, pages 
287-290), SP 59B18-O gave outstanding per- 
formances in root yield and frost tolerance, 
and in leaf spot resistance it was equal to 
SP 5822-0. The female parent of SP 69B18-0 
was a self-sterile clone (Clone 02 00 00). 
The pollinator consisted of 7 clones going 
back to a stem mother (50232) from US Ol. 


EL 61B28-01 Multigerm - - = = = 1 pound 


EL 61B28-01 is a good increase of clone 02 00 00. 
This line is self sterile, and 27 vigorous clonal 
plants produced only 15 grams of seed. It is 
expected that 1 pound of seed will be obtained 
from approximately 250 stecklings that are grow- 
ing in an isolated seed plot. This current pro- 
duction will be designated EL 61B28-01. 


EL 59B18-01 Monogerm - = = = = 1 pound 


Open=-pollinated seed harvested from the male 
parents of SP 58B18-0 (7 related clones from 
stem mother 50232 of US 01). 


Suggested use: Increase separately to maintain. 
parentage of SP 58B18-0 and mix EL 59B18-O1 and 
EL 61B28-01 (Item 21) to duplicate SP 59B18-0. 


EL 61G1-O01 Monogerm at see Se ree ee 1 pound 


A type-O monogerm line with some resistance 

to leaf spot and black root. EL 61G1-01 is 
the second sib generation of plant 83 09=-5-9-9, 
an identified type-0O. 


Ttem 2). 


Item 25. 


Item 26. 


Item 27. 


Item 28. 


1a 


EL 61G1X02 MS Monogerm me yee eas setae 80 grams 


A male-sterile monogerm representing the 2nd back- 
cross to EL 61G1-01 with Dr. Owen's annual indexer 
line serving as the source of male-sterile cyto- 
plasm. Multigermness and the annual tendency of 
the indexer line have been removed from this popu- 
lation. 


EL 61G2-01 Monogerm -— = © = = = = 1 pound 
A type-0 line with some resistance to leaf spot and 


black root. EL 61G2-01 is the second sib genera- 
tion of plant S3 09-5-16=1), an identified type-0. 


EL 61G2X02 MS Monogerm - = - = = 30 grams 


A male~sterile monogerm representing the 2nd back- 
cross to EL 61G2-01 with Dr. Owen's annual indexer 
line serving as the source of male-sterile cyto- 
plasm. Multigermess and the annual tendency of 
the indexer line have been removed from this popu- 
lation. 


EL 61G)-01 Monogerm SY SY Smeets ae 1 pound 


A type-0 line with some resistance to leaf spot and 
black root. EL 61G)-01 is the second sib genera-~ 
tion of plant $3 09-7-32-25, an identified type-0. 


EL 61G):X02 MS  Monogerm ea eae toe 1/2 noun 


A male-sterile monogerm representing the 2nd back-= 
cross to EL 61Gh-01 with Dr. Owen's annual indexer 
line serving as the source of maleesterile cyto- 
plasm. Multigermness and the annual tendency of 
the indexer line have been removed from this popu- 
lation. 


Note: In addition to the type~O monogerm lines 

EL 61G1-01, EL 61G2-01, and EL 61Gl-01 (Items 235.255 
and 27), Dr. Hogaboam expects to have available two 
other type-O monogerm lines, EL 6143-01 and EL 61G5-01, 
as well as their 2nd backcross male-sterile phases. 

if information obtained by August 1 indicates supe-. 
riority of EL 6163-01 or EL 6165-01 over Items 23, 25, 
or 27, substitution will be made in seed supplied for 
increase, 


=a 


VI. Breeding material developed by H. L. Kohls, 
Michigan Agricultural Experiment Station. 


Item A. 


Item B. 


60B=):2 Multigerm - = = = = = 1 pound 


A selection made at Beltsville in 1959 for 

Mr. Kohls out of 57EL-l:2. This line carries 
black root resistance and a rather high degree 
of leaf spot resistance. It goes back to a 
selfed plant selected from a subline of 35. 


60EL-80 Multigerm -~ - - = = -= «=1/2 pound 


This line carries factors for smooth roots 
under a "sprangling stress," as well as 
factors for black root and leaf spot 
resistance. Seed produced on 5 Rr Yy plants. 


Note: Items A and B are included in this 
listing with the permission of the Farm Crops 
Department, Michigan State University, and at 
the request of Mr. Kohls who would like to 
make these items available to the beet sugar 
industry. 
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BEET SUGAR DEVELOPMENT FOUNDATION 


FP. O. BOX 338 
FORT COLLINS, COLORADO 


UTILIZATION OF USDA SEED RELEASES, 1961 


NUMBERS AND ITEMS LISTED CORRESPOND TO THOSE LISTED IN THE 
USDA RELEASE MEMORANDUM DATED May 23, 1961! 


1. U. S. Sucar Beet FieLo STATION, Satt Lake City, UTAH 


Item 1. Monocerm CT5 (BC,) PoLLinator 





No JOINT tNCREASE OF THIS RELEASE HAS BEEN REQUESTED BUT DISTRI 
BUTION OF A PORTION OF THE AVAILABLE QUANTITY WILL BE MADE AS FOLLOWS: 
AMALGAMATED SUGAR COMPANY, AMERICAN CRYSTAL SUGAR Company, FarRMers & 
MANUFACTURERS Beet SucAR AssOcIATION, GREAT WESTERN SUGAR COMPANY, 
HOLLY SUGAR CORPORATION, SPRECKELS SUGAR ComRPANY AND UTAH=!0AHO SuGaAR 
COMPANY WILL EACH WANT AT LEAST 10 GRANHS OMe SEPARATE REQUESTS FOR 
ADDITIONAL AMOUNTS MAY BE RECEIVED. 


ITEM 2. MALE STERILE oF Monocerm CT5 (BC,) 


No. JOINT INCREASE OF THIS RELEASE HAS BEEN REQUESTED. A PORTION 
OF THE AVAILABLE QUANTITY WILL BE UTILIZED IN THE SAME MANNER AS FOR 
[TEM e 


ITEM 3. Monocerm CT5 (BCo) Poltinator 





No JOINT INCREASE OF THIS RELEASE HAS BEEN REQUESTED. A PORTION 
OF THE AVAILABLE QUANTITY WILL BE UTILIZED IN THE SAME MANNER AS FOR 
ITEM 1. 


Item 4h. Male StertLe of Monocerm CT5 (BCa) 





A PORTION OF THE AVAILABLE QUANTITY WILL BE UTILIZED IN THE SAME 
MANNER AS FOR ITEM 1. A ,IOMACRE INCREASE WILL BE MADE BY THE AMALGAMATED 
SuGAR COMPANY FROM THE BALANCE AVAILABLE FOR THE AMALGAMATED AND UTAH= 


loaAHO SUGAR COMPANIES. 


Item 5. SLC 132, MonocermM POoLLINATOR 





A PORTION OF THE AVAILABLE QUANTITY WILL BE UTILIZED IN THE SAME 
MANNER AS FOR ITEM Je THE BALANCE WILL BE UTILIZED tN THE SAME MANNER 


AS FOR ITEM he 


Irem 6. SLC 132-0 Monocerm 





AN INCREASE OF THIS ITEM tS TO BE MADE BY THE UTAH=IDAHO SUGAR 
COMPANY FOR THE UTAH=10AHO SUGAR COMPANY AND THE FarRMERS & MANUFACTURERS 
Beet Sucar Association. No DISTRIGUTION WILL BE MADE NOW UNLESS A 
SUFFICIENT QUANTITY REMAINS AFTER PLANTING THE INCREASE. 


a/ DponpncAl a FOR CEEND INCREACE AND VWTIL IZATION cROM DNewry Strwart. I|rance. 


U. 


eieie 


trem 7. SL 1460 (Ske 03) 


No JOINT INCREASE OF THIS RELEASE HAS BEEN REQUESTED. A PORTION 
OF THE AVAILABLE QUANTITY WILL BE UTILIZED IN THE SAME MANNER AS FOR 
ITEM 1. 


Item 8. SL 14460HO 


ORIGINALLY AN INCREASE TO APPROXIMATELY 200/ oF THIS NUMBER WAS 
REQUESTED. AT THIS DATE, IT APPEARS THAT BETWEEN 30 — LO# wilt BE 
AVAILABLE. AS CONSEQUENCE, INDIVIDUAL REQUESTS FOR THIS NUMBER SHOULD 
BE SENT DIRECTLY TO Dre OWEN INDICATING THE AMOUNT OF SEED DESIRED. 

IF REQUESTS EXCEED THE AMOUNT AVAILABLE, AN INCREASE WILL BE ARRANGED 
FOR AND PARTIAL DISTRIBUTION WILL BE MADE NOW, PROPORTIONATE TO THE 
REQUESTED AMOUNT. 


ITEM 9. SL 14500 Monocerm ANNUAL 


NO DISTRIBUTION OF THIS RELEASE WILL BE MADE AT THIS TIME. OR. 
OWEN HAS BEEN REQUESTED TO USE A REASONABLE QUANTITY OF THE AVAILABLE 
SEED FOR AN INCREASE TO BE DISTRIBUTED NEXT YEAR. 


item 10. SL 1500HO Monocerm ANNUAL 


No DISTRIBUTION OF THIS RELEASE WILL BE MADE AT THIS TIME BUT WILL 
BE INCREASED '!N THE SAME MANNER AS FOR ITEM 9. 


ITEM 11. TETRAPLOID US 10, NULTIGERM 
teeta rap ese aN Bt 

|THE AVAILABLE QUANTITY WILL BE DISTRIGUTED EQUALLY AMONG THE 
COMPANIES LISTED UNDER ITEM 1. No JOINT INCREASE WILL BE MADE. 


Se AGRicuLTURAL RESEARCH STATION, SALINAS, CALIFORNIA 
Item 12. C1546 Monocerm 


No DISTRIBUTION OF THIS NUMBER WILL BE MADE AT THIS TIME. - THE 
ENTIRE QUANTITY WILL BE USED FOR INCREASE BY THE West Coast BEET SEED 
COMPANY AND UTILIZED AS SUGGESTED. DISTRIBUTION OF THE INCREASE WILL 
BE EQUAL AMONG AMERICAN CRYSTAL SuGcaR Company, FARMERS & MANUFACTURERS 
Beet Sucar Association, GREAT WesTeRN SuGAR Company, HOLLY SucaR Cor= 
PORATION, SPRECKELS SuGar Company AND Union Sucar Diviston. 


~ 16 - 


Item 13. C1637, WY Mutticerm 
sre OTe ape hears 


THE FOLLOWING AMOUNTS WILL BE OISTRIBUTEO NOW TO THE COMPANIES 
Listeo: Unton Sucar Division = 1/2 POUND, HOLLY SUGAR CORPORATION == 
1/2 POUND, American CrysTAL SuGAR ComPANY = 100 GRAMS, UTAH=!o0aAHO SuGAR 
Company =~ 20 crams, Great Western SuGaR CoMPANY = 20 GRAMS, AND SpRECKELS 
SUGAR COMPANY = 50 GRAMS. ONE POUND WILL BE INCREASED BY THE West Const 
ae SEED COMPANY. THE INCREASE WILL BE DISTRIBUTED tOENTICALLY WITH 
TEM 12. 


111. Sucar Beet INvestications, Fort Cottins, Cotorano 
Item 1h. FC 501 Monocerm 
No JOINT INCREASE OF THIS RELEASE HAS BEEN REQUESTED. ApPROXI-= 
MATELY 10 GRAMS ARE TO BE DISTRIBUTED NOW To AMALGAMATED SuGcAR COMPANY, 
AMERICAN CrysTAL SuGaAR Company, Farmers & Manuracturers Beet Sucar 
ASSOCIATION, GREAT WesTERN SUGAR COMPANY, HOLLY SuGAR CORPORATION, 


SPRECKELS SUGAR COMPANY AND UTAH=IDAHO SUGAR COMPANY. REQUESTS FOR 
ADDITIONAL SMALL AMOUNTS MIGHT BE FORTHCOMING. : 


1V. PLANT INDUSTRY STATION, BELTSVILLE, MARYLAND 


Item 15. SP 6121-0 Monocerm 





No JOINT INCREASE OF THIS RELEASE HAS BEEN REQUESTED. THE AVAIL@= 
ABLE QUANTITY 1S TO BE DIVIDED BETWEEN AMALGAMATED SuGAR COMPANY, 
AMERICAN CRYSTAL SUGAR COMPANY, FARMERS & MANUFACTURERS BEET SUGAR 
ASSOCIATION, GREAT WESTERN SUGAR COMPANY, HOLLY SUGAR CORPORATION, 
SPRECKELS SuGAR Company AND UTAH=I0AHO SUGAR COMPANY. 


Item 16. SP 6121-01(MS) MonoGerM 





No JOINT INCREASE OF THiS RELEASE HAS GEEN REQUESTED. THE AVAIL= 
ABLE QUANTITY WILL BE OIVIDED AS NOTED FOR ITEM 15. 


Item 17. SP 6161-0 MonocerM 


OF THE AVAILABLE QUANTITY TWO POUNDS WILL BE USED FOR AN INCREASE 
bY THE West Coast Beet SEED COMPANY, THE INCREASE WILL BE EQUALLY 
DIVIDED BETWEEN AMERICAN CRYSTAL SUGAR COMPANY, GREAT WESTERN SUGAR 
Company, Farmers & MANUFACTURERS BEET SUGAR ASSOCIATION AND HOLLY SuGaAR 
CORPORATION. THE AMOUNT NOT USED FOR INCREASE WILL BE DIVIDED AS NOTED 


FOR !Tem 15. 
Item 18. SP 6161-0 Monocerm 


THE AVAILABLE QUANTITY WILL BE UTILIZED AS NOTED FOR ITEM 17. 


ay = 


Irem 19. SP 60194-01 Monocerm ¥ 





THE AVAILABLE QUANTITY WILL BE UTILIZED AS NOTED FOR ITEM 17. 


V. Sucar Beet Investications, East LANSINGy MICHIGAN, 1N COOPERATION WITH 
MICHIGAN AGRICULTURAL EXPERIMENT STATION. 


Item 20. EL 61818=0 MutTicEeRM 





THE AVAILABLE QUANTITY WILL BE DIVIDED AMONG THE FOLLOWING COMPANIES: 
AMALGAMATED SuGAR CompaANy, AMERICAN CRYSTAL SUGAR COMPANY, FARMERS & 
MANUFACTURERS BEET SUGAR ASSOCIATION, GREAT WESTERN SUGAR Company, HOLLY 
SUGAR CORPORATION, SPRECKELS SUGAR COMPANY AND UTAH=loAHO SUGAR CoMPANY. 


Item 217. EL 61B28=01. MuLTicerRM 





‘ OF THE QUANTITY AVAILABLE, 5O GRAMS ARE TO BE SENT TO THE WEST 
Coast Beet SEED COMPANY FOR PLANTING IN OBSERVATIONAL PLOTS ANDO THE 
BALANCE TO GREAT WESTERN, SUGAR COMPANY FOR PLANTING IN ARIZONA. 
STECKLINGS FROM BOTH THESE PLANTINGS WILL BE DIVIDED BETWEEN GREAT 
WESTERN SUGAR COMPANY AND HOLLY SUGAR CORPORATION FOR PLANFEINGS IN 
MOUNTAIN ISOLATIONS. THE SEED FROM THESE INCREASES WILL BE AVAILABLE 
FOR LATER DISTRIBUTION. 


Tem. 22. EL 59818+01 Mutticerm 





ALL OF THE AVAILABLE QUANTITY !S TO GE USED FOR INCREASE BY THE 
West Coast Beet Seep Company FOR THE FARMERS & MANUFACTURERS BEET 
SUGAR ASSOCIATION. 


ITEM 23. EL 61G1-01 Monocerm 





OF THE AVAILABLE QUANTITY, 10 GRAMS WILL BE DISTRIBUTED TO THE 
FOLLOWING COMPANIES: AMALGAMATED SUGAR COMPANY, AMERICAN CRYSTAL SUGAR 
Company, Farmers & Manuracturers Beet Sucar ASSOCIATION, GREAT WESTERN 
SuGAR Company, HoLLy SuGar CORPORATION, SPRECKELS SUGAR COMPANY AND 
UTAH=I0AHO SuGAR COMPANY. 


Irem 2h. EL 61G1X01 MS Monocerm 





THE AVAILABLE QUANTITY WILL BE DISTRIGUTED AS NOTED FOR ITEM 23. 


lrem 25. EL 61G2=01 Monocerm 








THE AVAILABLE QUANTITY WILL BE DISTRIBUTED AS NOTED FOR ITEM 23. 


Item 26. EL GIGXO2 MS Monocerm 
ae a tines een 

ALL OF THIS SEED WILL BE LEFT AT EAST LANSING SINCE AN INSUFFICIENT 
QUANTITY 1S AVAILABLE FOR DISTRIBUTION. A FEW SMALL REQUESTS CAN BE 
FILLED. THE NUMBER 61G2X03, A BC), EQUIVALENT FROM FicFaRLANC*S C 361 HO 
GAN BE SUBSTITUTED UPON REQUEST. THIS WILL SEGREGATEC TO GIVE ABOUT 50% 
MONOGERM. 


rae 


lrem 27. EL 616-01 Monocerm 

THE AVAILABLE QUANTITY WILL BE DISTRIBUTED AS NOTED FOR ITEM 23. 
trem 28. EL 61G4X02 MS Monocern 

THE AVAILABLE QUANTITY WILL BE DISTRIGUTED AS NoTED FOR ITEM 236 


VI. BREEDING MATERIAL vevetoren BY He. Le Kons, MICHIGAN AGRICULTURAL 
EXPERIMENT STATION. 


lrem A. 60B-42 Mutticerm 


THIS QUANTITY OF SEED 1S TO BE HELD FOR CONSIDERATION AT SOME 
LATER DATE. 


Item B. G6O0EL~80 Mutticerm 


THIS QUANTITY OF SEED 15 TO BE HELD FOR CONSIDERATION AT SOME 
LATER DATE. 


ETD fe 


1961 Seed Productions of 1960 Proposals for Seed Increase 
(See 1960 Report, pp. 7-1) 


peces 1961 Production and Description of Items 

Item 1 Monogerm SLC S=-23 = No increase. 

Item 2 Tetraploid US 01 - Increase by West Coast Beet Seed Co. 

Item 3 SL OO (multigerm) - No increase. 

Item SL O1LO (multigerm) - No increase. 

Item 5 CT5A-O (multigerm) = Increase by Utah-Idaho Sugar Co. 

Item 6 CTSA (multigerm) - Increase by Utah-Idaho Sugar Co. 

Item 7 SLC 129=0( sex )am ~- Increase by Utah-Idaho Sugar Co. 

Item 8 SLC 129 (monogerm) - Increase by Utah-Idaho Sugar Co. 

Item 9 SLC 129MSam - Increase by Utah-Idaho Sugar Co. 

Ttem 10 SLC 133 (SL 7401)mm - Increase by Utah-Idaho Sugar Co. 

Item 11 SLC 133MS (SL 7121) = Increase by Utah-Idaho Sugar Co. 

Item 12) C 0562HOX - Increase (0.5 acre) by West Coast Beet 

Item 13) C 0562mn Seed Co. 

Item 1} C 0562H1 (monogerm)- No increase. 

Item 15 SP 601000=0 (monogerm) = No increase. 

Ttem 16 SP 605-0 (monogerm) - Increase by West Coast Beet Seed Co. 

Item 17 SP 60300=0 (monogerm) = Increase by West Coast Beet 
Seed Co. 

Item 18 SP 5822-0 (multigerm) - Increase at Beltsville and by 


Great Western Sugar Co. 


tae 


SUGAR BEET SEED PRODUCTION IN UNITED STATES, 1956-1961 





Year of Percent 
roduction Multigerm Monogerm Total monogerm 
bagsy/ bagst/bags!/ 

1956 8h, 991 3,288 88,279 Dat 
1957 §3, 812 10,735 9h 547 11.4 
1958 82,571 27,261 109, 832 2.8 
1959 83,594 28,19 111,788 25.2 
1960 49,869 74,676 124,545 60.0 
1961 Preliminary estimates indicate 76.7 





L/ 100=pound bags. 


There is a progressive trend toward monogerm varieties. 
In some areas, seed productions are essentially limited to 
monogerm varieties. The preliminary estimates of 1961 
sugarbeet seed production in the United States indicate 
that approximately three-fourths of the crop is monogerm--a 
remarkable change in sugarbeet varieties in a period of 6 years. 
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DEVELOPMENT AND EVALUATION 
of 


INBRED LINES AND HYBRID VARIETIES OF SUGARBEETS 
SUITABLE FOR CALIFORNIA 


Foundation Projects 2); and 29 


FEB Co £58 OS CS SE 1 £9 OS OD Cem SHE OR 


J. S. McFarlane I. 0. Skoyen 
B. L. Hammond K. D. Beatty 


Cooperators conducting tests: 


American Crystal Sugar Company 

Holly Sugar Corporation 

Spreckels Sugar Company 

Union Sugar Division 

Southwestern Irrigation Field Station 
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REPORT ON FOUNDATION PROJECTS 24 AND 29 
Summary of Accomplishments 


PERFORMANCE OF MONOGERM INBREDS.-=Combining ability tests with 0562, 
the monogerm inbred made available through the Foundation in 1960, 
indicate that above average performance can be expected when this 
inbred is used as a parent in commercial hybrids. Combining ability 
was determined from tests of the hybrid F57-85HO x 0562. This ‘hybrid 
produced a gross sugar yield which averaged 114.7 percent of US 75 in 
twelve tests and 92.1 percent of US H6 in seven tests. The sucrose 
percentage averaged 102.3 percent of US 75 and 99.7 percent of US H6 
in the same tests. 


Curly-top resistance tests in both the field and greenhouse show 
0562 to have the highest resistance of any monogerm inbred made avail- 
able from Salinas. This resistance does not equal that of NBl but is 
superior to that of US 75. Bolting resistance was superior to that of 
NBl ‘in tests both at Salinas and Tracy. Downy mildew resistance was 
very good in a Salinas test. The seed setting ability of 0562 was above 
average in Oregon. Plant vigor was good and pollen production was 
adequate. The MS of 0562 is a good male sterile similar to the MS of 
NBl. 


The performance of 9561- 4, @ monogerm inbred made available in 
1959, has been disappointing. Combining ability as determined from 
tests with the hybrid F57-85HO x 9561-4 was eek poor. Additional 
increases of this line are not recommended. 


Increases of 7515 and its male-sterile equivalent perform well in 
hybrid combinations but the inbred continues to give trouble in seed 
production. 0562 is being substituted for 7515 in test hybrids. If 
these test hybrids perform well, 7515 can be replaced by 0562 in 
commercial hybrid varieties. 


Increases of 7569 and its male-sterile equivalent continue to 
perform well. The male-sterile equivalent of 7569 is being used 
extensively as the female parent in production of commercial monogerm 
hybrids. The F, hybrid MS of 0562 x 7569 has been produced and offers 
promise as & ikke sterile monogerm parent. The curly-top resistance 

of this F, hybrid is intermediate between US 75 and MS of NB1 x NB3. 
Bolting résistance and combining ability are expected to be good based 
on the performance of the inbred components . 


PERFORMANCE OF MONOGERM HYBRIDS.--Testing was continued with two monogerm 
hybrids, (MS of 7515 x 7569) x 663 and (MS of 7515 x 7569) x 0539. Most 
of the testing was done in the coastal valleys and in the Imperial Valley. 
A few tests were also made in the Central Valley. A summary of the 
performance of these two hybrids expressed in percent of the performance 
of US 75 follows: 


- 23 - 


(MS of 7515 x 7569) x 663 (MS of 7515 x 1569) x 0539 


No. of Gross Sucrose No. of Gross Sucrose 
Year tests sugar percentage tests sugar _ percentage 
1959 11 115 10h 3 117 Tosv Ur 
1.960 23 109 102 \ 12) 103 
1961 10 115 106 10 12h 105 


The results with (MS of 7515 x 7569) x 0539 are especially 
encouraging both from the standpoint of root yield and sucrose per- 
centage. The performance of this hybrid compares favorably with that 
of the best multigerm hybrids. In nine of the 1961 tests the gross 
sugar yield averaged 104 percent and the sucrose percentage 101 percent 
of US H6. The curly-top resistance of this hybrid equals that of US 75, 
and the bolting resistance is similar to that of US H6. It can be 
grown in all areas except those subject to severe curly-top infection. 


‘The hybrid (MS of 7515 x 7569) x 663 also performed well but 
tended to be inferior to the 0549 hybrid in yield, sucrose percentage, 
curly-top resistance, and bolting resistance. 


Stock seed of all components of these hybrids have been produced, 
and a limited amount of commercial seed is being grown. 


SEED LOTS MADE AVAILABLE THROUGH THE FOUNDATION.--A multigerm tetraploid, 
1637, was made available in 1951. This tetraploid was produced by 

Dr. B. L. Hammond from the top cross parent 663. It represents an 
increase from nine plants identified as tetraploids in the Cy generation. 
The Cy plants were also checked cytologically. Triploid hybrids were 
produced between two diploid male steriles and 163T and will be 
evaluated in 1962 variety tests. 


A new monogerm inbred, 1546, has been made available for seed 
increase. This inbred represents an increase of an F_ selection from 
& cross between the bolting resistant 8507mm and the HBG inbreds. 
Combining ability tests indicate that above average performance can 
be expected when this inbred is used as a parent in commercial hybrids. 
The curly-top resistance of 1546 is similar to that of 7569,and bolting 
resistance is expected to be good. It is not completely Type 0, but 
hybrids with good male steriles such as the MS of 0562 should produce 
nale«~sterile progeny. . 


NB7_ INBRED.--The 0539 multigerm inbred which was made available in 1960 
has been designated NB7. This inbred is the increase of an S), line 
from @ cross between a Type O selection of US 56 and NB1. It combines 
good curly-top resistance with moderate bolting resistance and has 
performed well as the pollen parent in combination with MS of 7515 x 
7569. A tetraploid strain of NB7 has been produced by Dr. Hammond and 
is being increased and evaluated. 


line, 


POLYPLOIDY.--Dr. Bayard L. Hammond has placed major attention on the 
production of tetraploids of superior bolting-resistant lines. These 
tetraploids will be used in producing triploid hybrids. Monogerm 
triploids will be produced by crossing tetraploid monogerm male steriles 
with diploid pollinators and by crossing diploid monogerm male steriles 
with tetraploid pollinators. Tetraploids have been produced in four of 
the more promising bolting-resistant monogerm inbreds and in MS of 0562. 
They have also been produced in several multigerm lines including the 
663 top-cross parent, NBL, NB7, and in F57-85 and its male-sterile 
equivalent. A summary of this work, prepared by Dr. Hammond, is included 
in this report. 


Triploid hybrids between bolting-resistant male steriles and 
European tetraploids were included in variety tests at Salinas, King . 
City, and Brawley. The triploids were not superior to the better diploid 
hybrids in either root yield or sucrose percentage. Yields of the 
triploids were reduced by curly-top damage in the King City test. A 
triploid hybrid between a curly-top resistant diploid parent and a 
susceptible tetraploid parent was damaged more severely by curly top 
at Jerome, Idaho,than was a similar diploid hybrid. This was to be 
expected because the triploid contained two genomes from the susceptible 
parent and only one from the resistant parent. 


Additional triploid hybrids were produced at Salinas and in Sweden 
between our male-sterile diploids and Swedish tetraploids. These tri- 
ploids will be compared with our diploid hybrids in 1962 evaluation 
tests. Triploids involving the 663 tetraploid will also be tested. 


CURLY TOP RESISTANCE.--Strains of the curly-top virus capable of causing 
severe damage to varieties currently classified as resistant have been 
identified by Dr. C. W. Bennett. This discovery points up the necessity 
for continued work on curly-top resistance. None of the USDA bolting- 
resistant monogerm varieties or male-sterile parents possess sufficient 
resistance for use in areas subject to heavy curly-top infection. 


In the past all curly-top resistant selection work with US varieties 
and breeding lines has been done by Mr. A. M. Murphy at Jerome, Idaho. 
The work at Jerome was discontinued at the close of the 1961 season. 
Pending the establishment of a curly-top resistance selection program 
in Utah, greenhouse selection work has been started at Salinas in co- 
operation with Dr. Bennett. 


Sugarbeet plants are grown in six-inch pots (4 plants to pot) and 
inoculated in the cotyledon stage with a curly-top strain of known 
virulence. Varietal resistance observed in the greenhouse agrees well 
with that observed in the field and selections can be made in segre- 
gating populations. Emphasis is being placed on development of mono- 
germ inbreds resistant to the more virulent strains of the curly-top 
virus. 


LEAF SPOT _RESISTANCE.--The Leaf-spot resistance of the male-sterile 
parents of bolting-resistant hybrid varieties was determined at Fort 
Collins, Colorado, by J. A. Blder and J. 0. Gaskill. None of the male 
steriles were resistant but differences were observed in the degree of 
resistance. At the peak of the lesaf-spot epidemic, the male steriles 
rated from 4.2 to 6.7 compared with a rating of 1.3 for US 201 

(O = no leaf spot: 10 = complete defoliation). The male-sterile 
equivalent of NBl1 was the most severely damaged and the Fy hybrids, 
MS of NBL x NB4Y and MS of NBl x NB5, showed the least damage. The 
monogerm male steriles rated from 5.3 to 6.0. A table summarizing 
these results, prepared by Elder and Gaskill, is included in Part V 
of this report. 


A group of S, segregates from crosses between a Type O plant from 
SP 5460-0 parentat material and Type O bolting-resistant inbreds were 
also evaluated for leaf-spot resistance at Fort Collins. Some of these 
lines showed a high level of resistance, and selections were made for 
further increase and hybridization. 


TYPE O SELECTIONS.--Indexing work was continued by I. 0. Skoyen to 
develop Type O monogerm breeding lines. A total of 168 index progenies 
are being classified in the greenhouse at the present time. A large 
group of Type O monogerm lines have been identified and much of the 
monogerm breeding is now being done at the Type O level. 


GERMINATION OF MONOGERM SEED.--Germination of many of the Oregon grown 
bolting-resistant monogerm seed lots was low in 1961. Low germination 
occurred not only in stock seed increases of inbred lines but also in 


commercial increases of monogerm hybrid varieties. 


In past years, germination of some monogerm inbred increases has 
been low but serious germination problems with commercial bolting- 
resistant monogerm hybrids have not been experienced. Pollen production 
in monogerm inbreds is influenced by environment and is frequently poor 
when plants are grown under stress. Commercial US bolting-resistant 
monogerm hybrids are produced by crossing vigorous. Fy male-sterile . 
monogerms with multigerm pollinators. This procedure greatly reduces 
the danger of low germination in the commercial seed. Germination of 
seventeen monogerm hybrids produced by this method between 1958 and 
1960 ranged from 70 to 96 percent with an average germination of 8h 
percent. In contrast, the germination of eight 1961 commercial increases 
of similar monogerm hybrids ranged from 53 to 75 percent. 


Reasons for low germination in 1961 have not been determined, but 
judging from the results of the past four years, these extremely low 
germinations are the exception rather than the rule. 
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Downy Mildew Resistance of Varieties and Inbreds 


The past three years have been unfavorable for downy-mildew 
infection and information on resistance has not been obtained from: 
tests designed for this purpose. A period of cool, humid weather 
occurred in early May and some mildew infection occurred in two yellows- 
resistance evaluation tests planted April 19. These two tests were 
grown side by side and infection was similar in both tests. Percent 
mildew infection from counts made by I. 0. Skoyen are in Tables 1 and 2. 


The NBY inbred, which in earlier tests has shown good mildew 
resistance, was again resistant with only 0.1 percent infection. The 
0716 inbred, a selection for yellows resistance from a cross between 
Type O US 56 and NB1, was highly resistant. Only 0.3 percent infection 
occurred in 0562 indicating that this new monogerm inbred line has good 
resistance. The selections from the European yellows-tolerant lines 
showed from 6.1 to 12.9 percent infection. The monogerm hybrid varieties 
(MS of 7515 x 7569) x 663 and (MS of 7515 x 7569) x 0539 were less 
severely infected than were any of the four European lines. 


Table 1.--Occurrence of downy mildew in sugar beet hybrids, yellows 
resistant selections, and inbred lines at Salinas, California, 


in 1961. 
No. : Description Percent 
Mildew 
Open-pollinated selections and hybrid varieties. 
028 Yel. res. sel. from IRS 55 MLA ie 
0539HL ie of 7515 x 1 x 0539 Le Le 
F59-63H4 MS of 7515 x 7569) x 663 2.3 
026 Yel. res. sel. from A. C. 55-RF-393 4.2 
027 Yel. res. sel. from IRS 55 M9 Sau 
025 Yel. res. sel. from Hull's A7 S/1 11.0 
023 Yel. res. sel. from Hull's L6 S/3 | Lie 
022 Yel. res. sel. from Hull's M9 S/2 12.9 
Inbreds 
0716 Yel. res. inbred 0.1 
0562 Monogerm inbred 0.3 
O717 Yel. res. inbred 5.0 
L.S.D. at 5% point 3.0 
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Table 2.--Occurrence of dowy mildew in sugar beet varieties 
and inbred lines at Salinas, California,in 1961. 


NO. Description Percent 
Mildew 


Open-pollinated and hybrid varieties 


06303 (MS of NBL x NB) x 663 0.5. 
F58-55481 MS of NR1 x NBY 0.5 
F60-54:7H1 MS of NB1l x NBS. 0.6 
55LILAL MS of NB1 x NB2 yee 
F57-68 Use (3 et 
O11 Yellows; res. sel. US 75 Dat 
063n2 (MS of NBL x NB5) x 663 Te 
063H1 (MS of NB1 x NB3) x 663 es 
Inbreds 
6554 NBU aoe 
F60=547 MS of NB5 0.6 
5502H1 MS of NBL oro 
5511 NB2 2.5 
L.S.D. at 5% point 1.0 
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Bolting Resistance of Varieties and Inbreds 


A group of varieties, F, hybrids, and inbreds were evaluated for 
bolting resistance at Salinas and Tracy, California. The Salinas tests 
were planted September 9 and November 4, 1960. The September test was 
planted without replication. The varieties and hybrids in the November 
test were replicated four times and the inbreds twice. The Tracy test 
was planted September 23, 1960, by Dr. D. D. Dickenson of the Holly Sugar 
Corporation ,and the entries were replicated four times. 


The 1960-61 season was favorable for the induction of bolting at 
both Salinas and Tracy. Bolting counts were made in each test at the 
time of maximum bolting and the results are in Table 1. The relative 
bolting resistance of both the varieties and inbreds varied from test 
to test. Variation within tests also tended to be high. Yellows was 
prevalent in all three tests and undoubtedly affected the amount of 
bolting. ‘ 


The commercial hybrid varieties US H2, US H5, and US H6 bolted 
significantly more than did US 75 in the November planting at Salinas 
and at Tracy. The bolting-resistant hybrid variety (MS of NBS x NB6) 

x F58-87 bolted the same as did US 75 in the November planting at Salinas 
and tended to be more bolting resistant than US 75 at Tracy. The 
monogerm hybrid (MS of 7515 x 7569) x 663 had similar resistance to 

US H2 in the Salinas November planting and also at Tracy. The new 
monogerm hybrid (MS of 7515 x 7569) x 0539 bolted similar to US H6 at 
both Salinas and Tracy. 


Results with the inbred lines were variable. The bolting 
resistant NBl inbred bolted 46 percent in the Salinas November planting 
compared with three percent in the Salinas September planting and 
twenty percent at Tracy. The monogerm 0562, which was made available 
in 1960, showed good resistance at both Salinas and Tracy. The new 
monogerm inbreds 0546-8, 0546-36, 0583-30, and 0583-34 were also 
resistant in the Salinas tests. The extremely bolting resistant NB6 
inbred remained completely vegetative in all three tests. 


The 1961 test, as well as those of previous years, has shown that 
the relative bolting resistance of varieties and inbreds is influenced 
by environment. It is probable that the optimum temperature for 
induction of bolting varies with the genotype. Germination tests have 
shown NBL to have very little biological activity at temperatures below 
45°F and it is conceivable that thermal induction is greatly reduced 
when temperatures. are below 45°F. This could be one of the reasons 
that the relative bolting resistance of NBl and some other lines vary 
greatly from one test to another. Bolting studies with homozygous 
lines under carefully controlled conditions are needed to clarify 
this problem. 
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Table 1 


Percent odds in sugar beet varieties and inbreds at Salinas and treoyY 
California in 1961. 





Salinas Trae 
No. Description 9/9/60 11/4/60 9/23/60 
lantin lantin lantin 
Percent Peroent Percent 
Varieties and Hybrids 
368 US 75 52 5 39 
F58-87 Bolte rese sele US 76 18 om 32 
063H1 Us H2 47 16 67 
O63H2 US H6 28 10 66 
063H3 US HS om 13 60 
F59—63H4 (MS of 7515 x 7569) x 663 we 19 57 
O63H6. (MS of 7515 x 9561) x 663 -— 23 62 
087H1 (MS of NBS x NB6) x F58-87 29 5 26 
O539H1 (MS. of 7515 x 7569) x 0539 59 11: 55 
F60-554H1 MS of NB1 x NB4 - 3 52 
F60-612H1 MS of NB5 x NB6 12 2 10 
F60-661H1 MS of 7515 x 95614 47 34 17 
F60«661H2 F58-85HO x 95614 -- 5 68 
F659 ~569H1 MS of 7515 x 7569 22. 23 63 
056282 F58-85HO x 0562 = 3 52 
0546 =8H2 F58=85HO x 0646-8 25 2 51 
0546-36H2 F58-85HO x 0546-36 a= z 57 
"Le Se De. at 5% point - 602 17 2 
Inbreds 
5502 NBL 5 48 20 
F'59@502HO MS of NB1 wee 15 50 
F60=612 NBS 0 9 o 
0539 NB? 14 2 30 
F59-615 Monogerm inbred 13 48 9 
0562 Monogerm inbred 0 10 14 
0662H0. MS of 0562 10- 7 $4 
F59-669HO MS of 7569 13 wos 51 
F60-561H0 MS of 96614 18 14 46 
F60-561HOA phd " 14 12 57 
0546-8 Monogerm inbred 7 4 woe 
0546 -8HO MS of 064668 36 2 eae 
054611 Monogerm inbred 29 10 news 
~20 8 " 0 18 6 eee 
36 ” te n 7 4 ae 
0546 «48 Monogerm inbred 24 13 mo 
0583-28 Se ” z 54 32 Cd 
30 a % w 5 3 alee 
“54 RRARCOM OS 4 1 on 
m4 Bee orem 19 10 ns 
Le S, De at 5% point -- 11,0 L722 


2/ Tracy test by Dr. D. D. Dickenson, Holly Sugar Corporation 
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Gross sugar yields of bolting-resistant hybrids in 1961 
California variety tests, expressed in percent of the yield of US 75 


hin ana Testing US 75 US H2 US Hh US HSA US H5B US HO ¥F59-63H% 053911 0539H2 87H 
Agency mm mm. mm 


Coastal Area 


Salinas ~ Nov. plt. USDA 100 119 - 116 117 125 123 Ui - 118 
Salinas ~ Dec. pit. ¥ 100 - - 11 119 12) 119 134 130 116 
King City - Test 1 Union 100 113 - 101 107 nie 109 107 124 - 
King City - Test 2 ui 100 126 = - - - - 118 - - 
Betteravia . i 100 - - 106 117 114 107 107 - 99 
Spreckels Spreckels 100 - - 110 - ~ - 125 17 11 
San Juan i 100 - ~ - 121 123 113 - = 115 
Gilroy W 100 - - - - ny 117 - - - 


Central Valley 


So. San Joaquin, Fall Holly 100 - 98 - - 119 - - - 103 
Ryer Island " 100 123 12 - - . . . % 4 
Staten Island " 100 116 112 - - 1 - - = s 
Hamilton City Me 100 119 105 - ~ 3 a = = « 
Kern Lake Spreckels 100 129 - - 132 - 120 wa = s 
Ora Loma : ane LOG 106 - - 85 - = z 91 
Five Points “ 100 13 - - - 136 105 - - = 
Imperial Valley 
Brawley - Early USDA 100 126 - ne - 121 113 120 109 - 
Brawley - Late " 100 12h - 106 - 18 115 15 106 - 
Imp. Val. - Early Holly 100 118 106 - - 110 _ = > 95 
bY id f " 100 Li2 105 - - 12 ~ - - 98 
" " " " 100 118 113 - - 119 “ " “ 104 
" n  - Late re 100 125 116 - - yoh - - - 115 
* 4 " " 100 126 117 - - 128 - - ~ 113 
" " " 3 100 133 12 - - 127 - - - D1 


" "= Inter. _ 100 ~ 114 - - ~ 2 132 123 - 


Location 


Coastal Area 
Salinas - Nov. plt. 
Salinas - Dec. plt. 
King City - Test 1 
King City - Test 2 
Betteravia 
Spreckels 

San Juan 

Gilroy 

Central Valley 

So. San Joaquin, Fall 
Ryer Island 

Staten Island 
Hamilton City 

Kern Lake 

Ora Lona 

Five Points 
Imperial Valley 
Brawley ~ Early 
Brawley - Late 


Imp. Val. = Early 
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Sucrose percentage of bolting-resistant hybrids in 1961 
California variety tests, expressed in percent of US 75 


Testing 
Agency 


Spreckels 


" 


Spreckels 


" 


us 75 


100 
100 
100 
100 
100 
100 
100 


100 


100 
100 
100 


100 


100 


100 


100 
100 
100 
100 
100 
100 
100 
100 


100 


US H2 


100 


104 


104 


100 
102 
103 
102 
101 


104 


102 
1035 
105 
104 
104 
102 
105 


105 


ea) 


us Hi 


103 
102 
106 


103 


106 
106 
108 
105 


111 


106 


US HSA US HSB 


101 


107 


104 


105 


102 


101 


99 
98 
103 


103 


116 


100 


US H6 


101 
102 
106 


101 


117 
Li3 


101 


101 


102 


102 


102 
102 
106 
103 
103 
101 
105 


105 


F59-6304 


mm 
100 
100 


104 


102 


119 


105 


101 


105 


103 


105 


O539H1 
mm 


107 
103 
102 
101 
101 


122 


108 
103 


106 


053902 
mn 


102 


102 


106 
103 


104 


O87H1 


101 


104 
108 


95 


104 


103 


103, 

ao 
105 
102 


VARIETY TEST, BRAWLEY, CALIFORNIA, 1960-61 
Location: Southwestern Irrigation Field Station. 
Soil type: Holtville silty clay loam. 
Previous crops: Grain sorghum, 1959; winter flax and fallow, 1959-60. 


Fertilizer used: 100 lbs. per acre P,0,, preplant. 
100 lbs. per acre nit ogen, actual, preplant. 
LOO lbs. per acre nitrogen, actual, applied after 
thinning ° 


Planting date: September 23, 1960. 
Thinning date: October 10-13, 1960. 


Harvest date: Early harvest, April 18-21, 1961, 
Late harvest, May 31 - June 1, 1961. 


Irrigations: Early harvest, six. 
Late harvest, eight. 


Diseases and insects: Curly top and yellows viruses were of minor 
importance in the 1960-61 test. One application of Thimet, 5- 
percent granular, made on January 5, 1961, for control of aphids, 
leafhoppers and spider mites. A second application of Thimet, 
S5-percent granular, on late harvested test was made March 31, 1961. 


Experimental design: Randomized block with five replications, two-row 
plots; and randomized block with ten replications, single-row plots, 
for early harvest. Ten varieties planted in a 10 x 10 latin square 
for the late test. Varieties planted in two-row plots. Rows were 
spaced 30 inches apart. Plots 4O feet long. 


Sugar analysis: From two 10-beet samples per plot by Holly Sugar 
Corporation, Brawley, California. 


Remarks: Test designed and results analyzed by the United States 
Agricultural Research Station, Salinas, California. Only three 
replications. out of ten suitable for analysis of the single~row 
plot test. Poor stand. and the border effect due to missing areas 
of plots forced abandonment of seven replications. 


Plot under supervision of K. Beatty stationed at Southwestern 
Irrigation Field Station, Brawley, California. 
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VARIETY TEST, BRAWLEY, CALIFORNIA, 1961 


(5 replications of each variety) Harvested April 18-19, 1961 
Acre Yield Harvest 
Variety Description Sugar Beets Sucrose Count 
Pounds Tons Percent Number 
F59-63HL US H2 8,560 23.8 18.0 156 
063H2 US H6 8,209 23.1 LyvgullexsS1 5h 
0539H1 7569HO x 0539 8,199 21.7 19.0 150 
F59-63H4. 7569HO x 664 7,680 20.9 18.5 164 
0562H2 F58-85HO x 0562 7,675 20.8 18.4 161 
F59-86H3 US H5A 7,606 21.3 LY .9 160. 
0539H2 Q561LH1L x 0539 7.5393 19.9 16.7 158 
O546-36H2  ¥F58-85HO x 0546-36 7,348 19.9 18.6 163 
368 US 75 6,807 19.4 LTi6 150 
F60-561H2  ¥F58-85HO x 9561-4 6,573 7x9 18.4 158 





General MEAN of 


all varieties in test 7,605 20.9 18. Beets 
S. E. of MEAN a6 0.97 0.39 per 
Significant Difference 2.50 ; 100! 
S. E. of MEAN row 


in % of MEAN 3.23 4.67 2.15 


(Odds 19:1 = 2.03 x \/2 x Standard Error of MEAN) 





VARTANCE TABLE 


egrees 


Variation due to of Gross. Tons. Percent 
Freedom Sugar Beets Sucrose 

Between varieties 9 1,917,594 15.24 0.94 

Between replications y lel BOTGOME d7i53 0.57 

Remainder (Error) 36 301,525 475 0.76 

a 

Total ho 
Calculated F value 6.36%* 5. QLe* N.S. 


** Exceeds the 1% point of significance (F=2.79) 


VARIETY TEST, BRAWLEY, CALIFORNIA, 1961 


10 x 10 Latin Square : Harvested: May 41-June 1, 1961 

Acre Yield . Harvest 

Variety No. Description Sugar Beets Sucrose * Count 

Pounds Tons Percent Number 
F59~-63H1 US Ha Lig60G\eo 51 27 18.3 161 
063H2 US H6 11,02. 30.6 18.0 161 
0539H1 7569HO x 8539 10,756 29.4 18.3 - 168 
F59-6354 8569HL x 663 10,747 29.8 18.3 163 
05622 F58-85HO x 0561-16 10,311 28.0 18.4 166 
0546-3682 F58-85HO x 0546-36 9,982 27.5 18.2 159 
F59-86H3 US HDA 9,935 27.8 17.9 155 
0539H2 9561HL x 8539 9,921 27.1 18.5 | 165 
368 US 75 9,353 26.4 17.7 153 
F60-561H2 F58-85HO x 9561-1 9,137 25.0 18.4 161 


General MEAN of 








all varieties 10 27a 238. 18.2 Beets 
S. 8. of MEAN | 235 565 ey 60.10) per 
Significant Difference 6 L.9liis IN.S 100' 
S. BE. of MEAN | row 
in % of MEAN 2.29 2.39 0.86 
(Odds 19:1 = 1.993 x 2 x Standard Error of MEAN) 
VARTANCE TABLE 
Degrees MEAN SQUARES 
Variation due to of Gross Tons Percent 
Freedom Sugar Beets Sucrose 
Between varieties 9 5,842,019 41.43 0.45 
Between rows 9 2,492,014 18.43 0.64 
Between columns 9 1,960,445 18.03 1.07 
Remainder (Error) 72 553,030 4.60 0.25 
Total 99 
Calculated F value 10.56%* 9.01% N.S, 


** Exceeds the 14 point of significance (I'=<2,67) 
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VARIETY TEST, BRAWLEY, CALIFORNIA, 1961 





(4 replications of each variety) Harvested: April 19-20, 1961 
Acre Yield Harvest 
Variety Description Sugar Beets Sucrose Count 
Pounds Tons Percent Number 
0583-30HL F58-85HO x 0583-30 8,438 23.2 18.2 68 
0546-8H2 F58-85HO x 0546-8 8,418 24.1 ata 120 
0539H3 F58-85HO x 8539 8,139 22.5 18.1 68 
0546-20H1 F58-85HO x 0546-20 8,113 2h.4 10.7 85 
0546-22H1 F58-85HO x 0546-22 8,073 22.3 18.1 95° 
0546-48H1 F58-85HO x 0546-48 7,505 22.5 LOL 7 108 
F59-63H1 US H2 7,490 20.3 18.5 110 
0583-3481 F58-85HO x 0583-34 7,376 20.4 18.2 93 
9921H3 7569HO x H3611L eye: 20.2 18.3 85 
0583-hY HL F58-85HO x 0583-44 7,260 19.9 18.3 95 
0583-2811 F58-85HO x 0583-28 7,145 20.3 17.6 108 
0546-1141 F58-85HO x 0546-11 7,025 20.1 17.5 93 
O1L V.Y¥. sel. US 75 6 ,606 19.25 ere e 100 
368 EFUS.“75 6,049 Tao Lledo gz 
General MEAN of all 
varieties in test ioe 21.2 De Lala Beets 
5 BOUT ia. 1 oa, per 
Significant Difference (19: : 0.92 100! 
S.E. of MEAN row 


in % of MEAN Bea 5 63 1.80 


Odds 19:1 = 2.056 x \/2 x Standard Error of MEAN 


VARIANCE TABLE 


nn getenrpsnenoesesee tren ererneneee, 


Degrees MOE A No SOUSA RES 
Variation due to of Gross Tons Percent 

Freedom Sugar Beets Sucrose 
Between varieties 13 1,426 , 350 3% 1.12 
Between replications 2 152,684, 3.90 0.56 
Remainder (Error) 26 Who 22h 4,28 0.30 


Serene 
Total 1 


Calculated F value 5.18% 2.69% 3.69%* 


*Exceeds the 5% point of significance (F=2.13) 
*¥¥Exceeds the 1% point of significance (F=2.91) 
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VARIETY TEST, SALINAS, CALIFORNIA, 1961 
Location: Spence Field of the U. S. Agricultural Research Station. 


Soil type: Sandy loam. 
Previous crops: 1958, barley; 1959, fallow; 1960, vetch cover crop. 


Fertilizer used: 660 lbs. per acre 10310:5, preplant. 
200 lbs. per acre ammonium sulfate sidedressed on 
December 1960 planting, March 31, 1961. 
140 lbs. per acre ammonium sulfate sidedressed on 
November 1960 and December 1960 plantings, May 24, 1961. 


Planting date: Bolting test planted November 4, 1960. Yield tests 
planted December 15, 1960. 


Thinning date: Bolting test, December 29, 1961. 
Yield tests, February 7, 1961. 


Harvest date: Bolting test, September 5, 1961. 
Yield tests, September 6-7, 1961. 


Irrigations: At 7 to 10 day intervals with sprinkler system from early 
April to harvest. 


Diseases and insects: Infection with yellows viruses approaching 100 
percent by mid-May in 1961 tests. Heavy infestation of leaf miner 
occurred in early April. November and December plantings sprayed 
on April 23, May 3, and May 9, 1961 with a Metacide-Dylox-brown 
sugar formulation for control of leaf miner. 


Experimental design: Randomized block with four replications for the 
November planting. Varieties planted in two-row plots, plots 30 
feet long. Randomized block with ten replications, plots 53 feet 
long, and randomized block with six replications, plots 44 feet 
long, for the December 1960 planting. Varieties planted in two- 
row plots with rows spaced 28 inches apart. : 


Sugar analysis: From two 10-beet samples per plot by Spreckels Sugar 
Company, Spreckels, California. 


VARIETY TEST, SALINAS, CALIFORNIA, 1961 


(4 replicated plots of each variety) Planted November 4, 1960 
Harvested September 5, 1961 





Acre Yield Harvest 


Variety Description Sugar Beets Sucrose Bolting Count 
Pounds Tons reent Percent Nunber 


0539HL MS of 7515 x a x 8539 12,372 pe 15.8 11.3 175 
063H8 MS of 7515 x 8507) x 663 12,165 O.4 ere 17.8 180 
14.9 


F60-554H1 (MS of NBL x NB) 11,875 40.0 2.6 176 
063H9 MS of 7569 x ae x 663 11,8520 59.5euro.0 13.3_ 175 
063H6 MS of 7515 x 9561) x 663 17515) 830.5 aL o40 293 178 
0539H3 F58-85HO x 8539 TUSHOO I 36505 81545 a 153 
063H2 US H6 1a, O22hew 56s elo sO 10.2 179 
O546-48H1 F58-85HO x 8546-48 ib only? Sy pye) - aidh.G, 8.9 158 
F60-561H1 (MS of 7515 x 9561-4) 10,930 33.8 16.2 34.3 162 
F59-63H4 MS of 7515 x 7569) x 663 10,795 36.5 14.8 19.0 167 
F60-547HL (MS of NBL x NBS 210.7050 4 CMa to 5.2 175 
F60-512H1 (MS of NBS x NBG 10,766 36.0 15.0 1.9 176 
0546-22H1 F58-85HO x 8546-22 LO S700) ea oelineen5 65 6.4 152 
F60-561H2 F58-85HO x 9561-4 10,635 354.6 15.5 5.2 167 
063HL US H2 TOSNST 95355) hss 15.2 175 
087HL (MS of NBS x NB6) x F58-87 10,396 35.7 14.6 4.6 170 
063H3 US H5B 0), 269 15 0 OMmmeL a7, 1237 175 
086H3 US HSA’ 10,233 34.0. 15.1 Lie 157 
0546-8H2 ¥F58-85HO x 8546-8 VOS125 7155.5 5 ee lL 230. 16) 
0546-36H2 ¥F58-85HO x 8546-46 10,006 34.2 14.6 2.3 167 
F59-569HL (MS of 7515 x 7569) 9,967. 32.9 15.2 22.9 168 
O546-11H. F58-85HO x 8546-11 9,708 31.37::1525 9.8 153 
0562H2 F58-85HO x 0562 9,157 31.5 14.6 2.0.48, 150 
0585-44 =F58-85HO x 8583-h} 8,920 32.7 re 9.1 1h9 
368 US 75 8,794 29.8 14.8 5.3 168 
0583-34H1 F58-85HO x 8583-34 8,783 30.7 14.9 4,2 155 
0583-30H1 ¥F58-85HO x 9583-30 8,402 28:2 14.9 2.7 ne 
0583-28h1 ¥F58-85HO x 9583-28 8,135 28.5 hh Uhh 14s 





General MEAN of 

all varieties 10 400, / 34.7 15.0 195 Beets 
8. E. of MEAN 201 is ol 1. per 
Significant Difference 5 100' 


S. E. of MEAN row 
in % of MEAN 2 2.4 0.76 Mo ggsie 






(Odds 19:1 = 1.990 x 2x Standard Error of MEAN) 


1/ 


By short cut formula 
VARIANCE TABLE 


Degrees MEAN SQUARES 





Variation due to of Tons Percent Percent 

Freedom Beets Sucrose  Bolting 
Between varieties - 27 43,27 0.91 251.76 
Between replications 3 2.40 0.10 45.39 
Remainder (Error) 81 Teh5 0.52 13.59 
Total Lid 5 i eh ae ep 
Calculated F value 5.01%* 1,75* 18,.53%* 
* Exceeds the 5% point of significance (P=1.63) 


** Excceds the 1% point of significance (F=1.99) 
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VARIETY TEST, SALINAS, CALIFORNIA, 1961 


(10 replications of each variety) Planted December 15, 1960 
Harvested September 6-7, 1961. 


Acre Yield Harvest 
Variety Description Sugar Beets Sucrose Bolting Count 
Pounds Tons Percent Percent Number_ 
0539H1L (MS of 7515°x 7569) x 8539 10,923 35.5 15.4 a4 170 
063H2 US H6 LO MOT “has ibe 1.8 167 
F59-63H4 (MS of 7515 x 7569) x 663 9,733 © 32.60° 14.9 ar V2 
063H3 US H5B 9,732 axBdall x obln.6 1.3 167 
O87H1L (MS of NBS x NB6) x F58-87 9,442 615195 « a25.0 0.7 163 
O86H3 US HSA 9 022 145002 * GE5.0 1LaT 16 
0.8 173 


368 US 75 8157 Syn = “tees 


General MEAN of all 

varLeties in test 9D FOL a BESO u GLFO 1..3 Beets 
Se FE. of MEAN tial 0.2 per 
Significant Difference 9 ° N.S. N.S. 100° 
S. E. of MEAN’ row 
















in % of MEAN 495--~1s40--4.236 8.46 


Odds 19:1 = 1.989 x V2 x Standard Error of MEAN 
i. By short cut formula 


VARTANCE TABLE 





Degrees MEAN SQUARES 
Variation due to of Tons Percent Percent 

Freedom Beets Sucrose Bolters 
Between varieties 6 OTe t 0.69 2,0h 
Between replications 9 enets O.57 tis 
Remainder (Error) 5h, 2.0 0.40 1.2h 
Total 69 © 
Calculated F value 44.51%* N.S. N.S. 


** Exceeds the 1% point of significance (F=3.15) 
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VARIETY TEST, SALINAS, CALIFORNIA, 1961 


' Planted: 
Harvested? 


December 15, 1960 


6 replications of each variety) 
c September 6-7, 1961 


caer reer LR A EE EE LL LCT SETS CSAS CC DTA 








Acre Yield Harvest 
Variet Description Sugar Beets Sucrose’ Bolting Count 
Pounds Tons Percent ercent Number 
9953-5 MS of 7515 x oe x D-43 10,556 35.7 14.8 1.6 ° 149 
063H8 MS of 7515 x 8507) x 663 10,415 34.4 15.2 2.5 176 
0539H2 MS of 7515 x 9561) x 8539 10,409 34.5 15.1 3.9 165 
063H9 e of 8569 x 8507) x 663 10,338 934.8 14.9 0.7 172 
9952-4 MS of NBL x NBY) x D-38 10,078 34.7: 14.5 5.1 1hg 
063H2 US H6 9,918 33.1. 15.0 1s6 172 
0562H2 ¥F58-85HO x 0562 9,802 32.4 «615.1 0.8 166 
0546-481 F58-85HO x 8546-48 9,702 32.8 14.8 0.7 163 
0546-22H1 F58-85HO x 8546-22 9,494 31.6 15.0 0.9 155 
Polybeta German Polyploid 9,398 30.6 15.3 8.8 152 
0546-36H2 F58-S85HO x 8546-36 9,383 31.3 15.0 0.2 163 
0546-8H2 F58-85HO x 8546-8 9,222 7 30.5. -715.1 Ove 7-159 
O546-11H1 ¥F58-85HO x 8546-11 9,060 30.2 15.0 0.7 159 
F60-561H2 F58-85HO x 8561-4 9,007 29.3 15.4 0.0 166 
O11 V. Yel. sel. from US 75 8,826 29.8 14.8 ae). 165 
0585-441 Bes 85HO x 8585- Ly 8,063 27.3. 14.8 O.4 158 
368 3°75 7,988 26.9 14.8 0.6 165 
0583-30HL pseeese x 8583-30 7,898 26.4 15,0 0.1 15h 
0583-34HL F58-85HO x 8583-54 T,G13 21:0 Lhed Osi 157 
0583-28H1 F58-85HO x 8583-28 7,331, 1 abel bi kted 1.5 156 
General MEAN of 
all varieties 2 By / 0. 1. 1.6 ° Beets 
S. Bh. of MSAN Se. Ae r Tar ay 0.2 per 
Significant Difference 1, 349 : 4 100! 
S. E. of MEAN row 
in % of MEAN -20 u.95 "  LeOL 
(Odds 19:1 = 1.984 x /2 x Standard Error of MEAN) 
By short cut formula 
VARIANCE TABLE 
Degrees MEAN SQUARES 
Variation due to of Tons Percent 
Freedom Beets Sucrose 

Between varieties 19 58.6 0.44 

Between replications 5 40.7 1.27 

Remainder (Error) 95 14.0 0.35 

Total 119 

Calculated F value k 16%* N.S. 


*#* Exceeds the 1% point of significance (F=2.09) 
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VARIETY TEST, CLARKSBURG, CALIFORNIA, 1961 


(6 replications of each variety) By American Crystal Sugar Co, 
Acre Yield Harvest 
Variety Description Sugar Beets Sucrose Count 


Pounds Tons Percent Number 


0539HL MS of 7515 x 7569) x 0539 (5,446 22.05 12.35 136 
063H8 MS of 7515 x 8507) x 663 5,095 18.36 13.88 138 
F59-63H4 MS of 7515 x 7569) x 663 4,855 18.76 12.9% 126 
063H9 (MS of 7569 x 8507) x 663 4,823 16.88 14.28 1h0 
60-801 Reselection of 58-304 h710cabeall telded Ly 
0562H2 F58-85HO x 0562 4,761 18.12 13.1 126 
60-807 —- Reselection of 58-808 4,704 16.46 14.29 138 
Am #5 NB Commercial variety 4,510 16.25 13.88 143 
063H2 (MS of NBL x NBS) x 663 4405 17.19 12.82 143 
General MEAN | 4,819 18.03 13.37 137 
LSD 5% ery 0.90 Beets 
LSD LS Z es 2.20 1.20 per 
Calculated F value “ Os5 #% = =©100' 





**exceeds the 1% point of significance 


*Sxceeds the 5% point of significance treet! 


Fa2.70) 


Cooperator: Joseph Borges 

Location: Freeport 

Planted: February 27, 1961 

Harvested: September 26-27, 1961 

Experimental design: 9 x 6 randomized block. Plot test E. 
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VARIETY TEST, CLARKSBURG, CALIFORNIA, 1961 





(6 replications of each variety) By American Crystal Sugar Co. 
cre Yie 3 est 
Variety Description Sugar Beets Sucrose Count 
Pounds Tons Percent Number 
F60-561H2 F58-85HO x 9561-4 4,827 18.04 13.38 146 
F60-561HL F58-515HO x 9561-4 4,772 19.83 12.03 149 
60-GH #5-M-1 Comp. NB varieties h OL 17.50" 145.47 0 
Am #2 Hybrid He of NB1 x ae) x 54-406-0 4,618 16.50 13.99 155 
F60-512H1L MS of NBS x NBO h.499 16.54 13.60 131 
Am #5 NB Commercial variety 4,368 16.08 13.59 159 
F60-561HO MS of 9561-4 O06 16.15 5. Oem nL 
F60-561HOA MS of 9561-4 4115 14.93 13.79 166 
F60-547HL (MS-of NBL x NBS) 3,949 13.72 14.39 136 
General MEAN 4oASL 16.59 13.41 147 
LSD ys 90,58. On 2.01 : 0. OF Beets 
LSD 1% sen 2.69 LeL7 per 


Calculated F value NS .35%% OTHE 100! 
OooNs le LO. i) row 


eybxceeds the 5% point of significance roe 
Exceeds the 1% point of significance (F=2.70 


Cooperator: Joseph Borges 

Location: Freeport 

Planted: February 27, 1961 

Harvested: September 26-27, 1961 

Experimental design: 9 x 6 randomized block. Plot test D. 
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Variety Test 1961 Imperial Valley 

Intermediate Date of Planting _ Coop: Nelson Correll 
Tons No. 

Gross Per % % 4 Beets 

Variety Source Sugar Acre Sucrose T.J.P. Bolt. _100' Row 

05 39H1 7569HO x 8539 958) 3.060 1.07 89.37 .0 19h 

05 39H2 9561H1 x 8539 89h 32.173 13.90 89.77: a1 203-. 

063H7 956103 x 663 8566 30.879 13.87 89,09 A) 209 

06 3H6 9561H1 x 663 8288 299k 13.8, 88.64 ‘1 193 

0562H2 _ F58-85HO x 0562 8275 30.289 13.66 87.29 20 170 

USH) L937h 8200 29.038 14.12 89.42 20 18h; 

F59-63H,  8569H1 x 0863 8165 29,202 13.98 88.67 0 205 

05),6~36H2 FS8~85HO x 95),6~36 7819 28.811 13.57 88.27 $1 169 

US75 1817 ' 7287 Cfetoja. “dese 88.06 30 19h) 

F60-561H2 F57-85HO x 9561 7026 25.908 13.56 87.95 30 181 

051,6-8H2  F58-85HO x 951,68 6980 27.098 12.88 89.01 A) 166 

Gen. Mean 8186 30.182 13.56 88.46 183 

SE mean o1iA/ 607 322 .60 

LSD (5%) 588 1.693 61 NS 

SEm/Gen. Mean (Z) 2657 2.01 1.61 268 


Variance Table 


Mean Squares | 
Variation Due To DE Tons Beets % Sucrose % Leeks 


Replication 8 15.61); 30357 238 
Variety 2h 34.283 1.297 4727 
Error 192 30319 oh27 3.268 
Total 22h 

Calc. F 10, 33%% o Ol He NS 


a4 Exceeds 1% point 1.88 
Short Cut Formula 
NS Not Significant” 


Design: 5x 5 Triple Lattice - 9 reps. 

Plot Size: 2 rows (3)")x 53! Planted 
2 rows x 50! Harvested 

Planted: October 10, 1960 

Harvested: June 1), 1961 


Above results extracted from a test of 25 varieties 


AGRICULTURAL RESEARCH DEPARTMENT * HOLLY SUGAR CORPORATION 
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Variety Test 1961 South San Joaquin 
South San Joaquin Fall Coops McAlister 
No. 
Tons Beets 
Gross Per % % aye % 100! 
Variety Source Sugar _ Acre Sucrose T.J.P. Bolt. Row 
USH6 (NBIMS x NBS) x 0663 11956 §=)2,.914 13.93 15.5 153 
0562H2 F58~85HO x 0562 10890 39.890 13.65 16.1, 1ho 
887H5 (NB6MS x NBS ) x C787 10aTie  o98u5( 913315 11.0 155 
F60-561H2 F57~-85HO x 9561 10165 36.303 14.00 236.9 yh 
US75 19252 } 10079 = 36.439 §=- 13.83 15.6 156 
USH), 10336 9866 34.71, 14.21 17.7 149 
Gen. Mean 10570, 38.680 13.68 150 
SE mean 297 6116 029 
LSD (5%) 032 ~ 2,009 481 
SEm/Gen. Mean 2.81 1.86 Cela: 


Variance Table 


Mean Squares 


Variation Due To DF Tons Beets % Sucrose % TedePe 
Replication 8 6.95 2.600 

Variety 15 926515 2.289 

Error 120 1.636 -7h8 

Total 143 


Calc. F 19 91st 2 OO38% 
Exceeds 1% point 2.23 


Short Cut Formula 


Design: x Triple Lattice - 9 reps. 
Plot Size: 2 rows (30") x 53! Planted 

2 rows x 50! Harvested 
Planted: October 7, 1960 
Harvested: August 1-16, 1961 


1/ Not available in time for report. 


Above results extracted from a test of 16 varieties 


AGRICULTURAL RESEARCH DEPARTMENT * HOLLY SUGAR CORPORATION 
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Variety Test 1961 Ryer Island 
Coop: dJongeneel & Hechtman 
No. 
Tons Beets 
Gross Per é Sas tse 100! 
Variety Source : Sugar Acre Sucrose TedePs Row 
USH2 19381 5583 25.2059 11.1) 159 
USH) 10336 5099 22.1105 11.38 162 
USTS 19252 L5L7 20.37) 11.16 163 
Gen. Mean 4593 2001i5h 11.31 158 
SE mean : 269h/ 1.063 $31 
LSD (5%) 750 2.96) ; 
Sim/Gen. Mean (%) 5.86 5.20 2672 


Variance Table 


Mean Squares 


Variation Due To ' DF Tons. Beets 
Replication 8 100,588 
Variety 29 189.151 
Error 232 10.167 
Total 269 

Calc. Ee 18.603 


#% Exceeds 1% point 1.79 
A/ Short Cut Formula 


Design: 5 x 6 Rectangular Lattice - 9 reps. 
Plot Size: 2 rows (28") x 53! Planted 

2 rows x 50! Harvested 
Planted: February 2, 27 & 28, 1961 
Harvested: September 11, 12, 13, 1961 
1/ Not available in time for report. 


Above results were extracted from a test of 30 varieties 


AGRICULTURAL RESEARCH DEPARTMENT + 


% Sucrose %. Teuers 


72076 
30557 
0852 


lie 1834 


HOLLY SUGAR CORPORATION 


-h7 = 


Variety Test 1961 Staten Island 
Coop: | M&T, Inc. 


No. 
Tons Beets 

Gross Per % el / L008 
Variety Source Sugar Acre Sucrose Dede Row 
USH2 19381 8709 30.862 14.11 U8 
USH) 10336 81) 26.737 i.6h 153 
USH6 10389 (NBIXxNBS ) x C663 837 29.959 13.93 151 
US75 19252 7532 27.192 13.85 16), 
Gen. Mean 8386, 29.333 14.32 153 
SE mean 382= 1L.2hh 2h 
LSD (5%) 1066 3.69 SOL 
SEm/Gen. Mean (%) 3019 he2h 1.68 


Variance Table 


Mean Squares d 
Variation Due To " DF Tons Beets % Sucrose % Tedieiee 


Replication 8 89.753 17.070 
Variety 29 ho ° LT he hho 
Error 232 13.927 2518 
Total 269 

Cale. F 305 3% 8.57 4H 


Exceeds point 1.79 
A/ Short Cut Formula 


Design:. 5 x 6 Rectanguler Lattice - 9 reps. 
Plot Size: 2 rows (20") x 53* Planted 
2 rows x 50! Harvested 
Planted: April 17, 1961 
Harvested: November 1-18, 1961 


1/ Not available in time for report. 


Above results extracted from a test of 30 varieties 


AGRICULTURAL RESEARCH DEPARTMENT * HOLLY SUGAR CORPORATION 
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Variety Test 1961 Hamilton City 


Coop: Geo. Stutz 


Z No. 
Tons Beets 

Gross Per é LsR2/ % 2/ 100! 
Variety Source Sugar Acre Sucrose Index T.J.P. Row 
USH2 19361 6949 23.383 1.86 Beh 158 
USH6 LO389 (NBIMS x NBS) x C663 6560 22.360 14.67 3.0 170 
USH); 10336 6122 20.681 1.80 342 166 
US75 19252 5819 200233 = 14.38 3.0 17h 
Gen. Mean 6280, , 21.626 1.52 171 
SE mean 2184/ -716 15 
LSD (5%) 609 1.996 3 
SEm/Gen. Mean (%) 3.48 3.31 1.06 


Variance Table 


Mean Squares’ ~ 
Variation Due To DF Tons Beets 5 Sucrose TT Jere 


Replication 8 173.053 6.682 
Variety 29 h5 812 1.051 
Error 232 he 608 e 213 
Total 269 

Calc. F 9 Slit he 9330 


34% Exceeds 1% point 1.79 
‘/ Short Cut Formula 
1-10 l-resistant 10-susceptible 
Design: 5 x 6 Rectangular Lattice - 9 reps. 
Plot Size: 2 rows (30") x 53! Planted 
2 rows x 50' Harvested 


Planted: April 4, 1962 
Harvested: October 19, 20, 21 - 1961 


2/ Not available in time for report. 


Above results extracted from a test of 30 varieties 


AGRICULTURAL RESEARCH DEPARTMENT * HOLLY SUGAR CORPORATION 
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VARIETY TEST, KING CITY, CALIFORNIA, 1961 
Grower and location: A. S. Duarte, King City, California. 


Soil type: Salinas clay. 


Previous crops: Sugarbeets, 1957; peas and lettuce, 1958; carrots, 1959; 
tomatoes, 1960. 


Fertilizer used: 420 lbs. per acre 12:15:0, preplant. 
400 lbs. per acre 20:0:0, first sidedress. 
480 lbs. per acre 20:0:0, second sidedress. 


Planting date: February 16, 1961. 
Thinning date: March 25, 1961. 
Harvest date: October 11-12, 1961. 
Irrigations: Six. 


Diseases and insects: A light to severe infection with curly top 
caused severe damage in susceptible varieties and light damage 
in resistant varieties. Infection with yellows viruses was 
generally moderate throughout test area. Fairly heavy infestation 
of leaf miner occurred in mid-season. Light damage to foliage 
occurred. Nematode infestation was light in the plot area. 


Experimental design: Randomized block with eight replications; only six 
replications harvested. Randomized block with four replications, 
all harvesteds;and randomized block with four replications, only 
three replications harvested. Varieties planted on double-row 
beds with 40-inch centers. Plots 60 feet long. 


Sugar analysis: From two ten-beet samples per plot by Union Sugar 
Division, Betteravia, California. 


Remarks: Seed was furnished, test designed,and results analyzed by 
the United States Agricultural Research Station, Salinas, California. 
A moisture problem after planting resulted in spotty stands through- 
out the test plot area and forced abandonment of a total of three 
replications of the test. 
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VARIETY TEST, KING CITY, CALIFORNIA, 1961 





(6 replications of each variety) By Union Sugar Division 
Acre Yield Harvest 
Variety Description Sugar Beets Sucrose Count 
Pounds Tons Percent Number 
063H1L US H2 VAi2o7, Sor LOtg. <8 30 
063H2 US H6 LLL) 48.9" 17.0 hs 
F59-6304 (MS of 7515 x 7569) x 663 10,833 32.3 16.8 129 
063H9 (MS of 8569 x 8507) x 663 10,820 431.9 L7i0 Lho 
063H3 US H5B 10,666 32.2 16.6 139 
0539H1 (MS of 7515 x 7569) x 8539 10,657 32.5 16.4 12h 
063H8 (MS of 7515 x 8507) x 663 10,520 32. 16.3 Lho 
O86H3 US H5A 10,081 29% 17.2 1.36 
0562H2 F58-85HO x 0562 9,982 431.3 16.4 12h 
F57-68 US 75 9,975 31.0 16.1 Lh 
F60-561H2 F58-85HO x 9561-4 9,75. 28.9 16.9 126 
9921H3 (MS of 7515 x 7569) x H3611 8,040 23.9 16.9 119 





General MEAN of 





Beets 
per 
‘ r 100' 
S. HE. of MEAN row 
in % of MEAT 5 82 3.04 1.38 
Odds 19:1 = 2.004 x \/@ x Standard Error of MEAN 
VARIANCE TABLE 
Degrees MEAN SQUARES 
Variation due to of Gross Tons Percent 
Freedom Sugar Beets Sucrose 
Between varieties LL 4 420,185 41,8 0.64 
Between replications 5 2 ,889 ,282 27.2 2.02 
Remainder (Error) 55 932,709 8.5 0.32 
ee ener nent TALL LL ee 
Total "Loe 
Calculated F.. value 4 Thx 4 .93%*  2,00* 


* Exceeds the 5% point of significance (P=1.97) 
** Exceeds the 1% point of significance (F=2.59) 
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VARIETY TEST, KING CITY, CALIFORNIA, 1961 














(4 replications of each variety) By Union Sugar Division 
Acre Yield Harvest 
Variety Description Sugar Beets Sucrose Count 
Pounds Tons Percent Number 
063H1L US H2 12 02. eras an7 16.4 | hg 
0549HL (MS of 7515 x 7569) x 8539 10,255 32.6 15.8 127 
E-67 TASCO mm Hybrid _ 9,782 28.4 Lae Lho 
9953-1 (MS of 7515 x 7569) x DLO 8,821 26.2 16.9 96 
F57-68 US 75 8,714 ~26s0 1537 129 
99211 ie of NBl x NB x H3611 8 64a 25.2 17.2 116 
9952-7 MS of NBL x NB4) x B33 8,60%>> 2%2 15.8) “petoe 
O86H1 US H3 8,580 25.6 16.7. Lei 
9953-7 (MS of 7515 x 7569) x E33 8,559 25.8 16.8 101 
9952-8 (MS of NBL x NBL) x FLS 8,49k 25.9 16.4 110 
9953-3 (MS of 7515 x 7569) x D8 8;03Tem2'.ey 1698 82 
Polybeta German Polyploid 6,286 18.2 Vik 93 
General MEAN of 
all varieties G40) G8 22647 16.6 Beets 
S. E. of MEAN x Sok 2.29 O.4y per 
Significant Difference gO yi N.S. 100! 
S. EH. of MEAN row 
in % of MEAN 5.94 8.57 2.65 
Odds 19:1 = 2.03 x \/2 x Standard Error of MEAN 
VARIANCE TABLE 
Degrees MEAN SQUARES 
Variation due to of Gross Tons Percent 
Freedom — Sugar Beets Sucrose 
Between varieties aod) 5,522,622 62.51 LGBT 
Between replications 3 16,418,787 204.63 1.38 
Remainder (Error) 33 1,096,601 9.14 0.77 
Total 47 | 
Calculated F value 5 Owe 6.84%* N.S. 


** Exceeds the 5% point of significance (F=2.09) 
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VARIETY TEST, KING CITY, CALIFORNIA, 1961 


(3 replications of each variety) By Union Sugar Division 
Acre Yield Harvest 
Variety Description Sugar Beets Sucrose Count 


Pounds Tons Percent Number 


0539H2 (MS of 7515.x 9561) x 8559 9,785 30.7 15.9 135 
0546-22H1 F58-85HO x 8546-22 9,601 30.9 Aa 96 
0546-48HL F58-85HO x 8546-48 9,406 30.8 15x2 Lei 
0583-28H1 F58-85HO x 8583-28 9,250 28.6 16.2 109 
0546-11H1 F58-85HO x 8546-11 9 ,035 28.1 164, 107 
0583-34HL  F58-85HO x 8585-34 9,029 20,15 16,1, 103 
oll V. Yel. sel. from US 75 8,907 28.1 15.9 102 
0546-8H2 F58-85HO x 8546-8 8 ,895 29.9 14.9 114 
0583~30H1L F58-85HO x 3583-30 8,770 26.9 16.4 97 
0583-UHL P58-85HO x 8583-44 8,763 27.7 15.8 114. 
0546-36H2 F58-85HO x 8546-36 8,518 29.1 LEST 121 
F57-68 US 75 T boc. chat 15.6 133 





General MEAN of 





all varieties 8,987 28.7 15.7 Beets 
25 2.20 0.1 per 
; erie N.S. 0, 100' 
; row 
Li 0. 
Odds 19:1 = 2.07 x V2 x Standard Error of MEAN 
VARIANCE TABLE 
Degrees MEAN SQUARES_ 
Variation due to of Gross Tons Percent 
Freedom Sugar Beets Sucrose 
Between varieties 1 764,510 8.88 0.89 
Between replications 2 2,053,717 Wh 43 its: 
Remainder (Error) 22 1,649 , 884 15.31 0.36 
re ena cence TR ACCC C LACT 
Total 39 
Calculated F value N.S. N.S. 2.47% 


* Exceeds the 5% point of significance (F=2,26) 
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VARIETY TEST, BETTERAVIA, CALIFORNIA, 1961 


Grower and location: Pezzoni and Silva, Pezzoni Ranch, Guadalupe, 
California. : 


Soil type: Yolo sandy loam. 


Previous crops: Alfelfa, 1957; carrots, 1958; cauliflower and lettuce, 
1959; lettuce and cauliflower, 1960. 


Fertilizer used: No preplant used. 
Sidedressed 700 lbs. per acre ammonium sulfate March 20, 
1961. Sidedressed 600 lbs. per acre ammonium sulfate 
April 25, 1961. 


Planting date: January 10, 1961. 

Thinning date: March 1, 1961. 

Harvest date: October 4, 1961. 

Irrigations: Five. 

Diseases and insects: Infection with yellows viruses was generally 
light. Other diseases were not a factor in the test plot. A 
light infestation of leaf miner occurred in the field but caused 
no significant damage. Nematode infestation was fairly light in 
the test plot. 


Experimental design: Randomized block with eight replications. Varieties 
planted on double-row beds with 40-inch centers. Plots 60 feet long. 


Sugar analysis: From two ten-beet samples by Union Sugar Division, 
Betteravia, California. 


Remarks: Seed was furnished, test designed, and results analyzed by | 
United States Agricultural Research Station, Salinas, California. 
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VARIETY TEST, BETTERAVIA, CALIFORNIA, 1961 


(8 replications of each variety) By Union Sugar Division 
cin ee ried ee ee ee ee 4A gs a 
Acre Yield T. Je Harvest 
Variety Description Sugar Beets Sucrose Purity Count 
Pounds ns rceent recent Number 
063H3 US HSB 12,000 35.3 17.0 92.3. 165 
063H2 US H6 11,689 35.2 16.7 92.5 156 
0562H2 F58-85HO x 0562 11,094 33.0 16.8 92.9 . 153 


O539HL (MS of 7515 x 7569) x 8539 11,01L 33.0 16.7 92.7 159 





F59-63H4 (MS of 7515 x 7569) x 663 10,991 32.7 16.8 93.3 165 
08683 US HSA 10,912 | 32.9, 17:1 92.9 165 
063H9 (MS of 8569 x 8507) x 663 10,820 32.5 16.7 92.5 ° 161 
F57-68 US 75 10,247 31.4 16.5 91.5 154 
O87H1L (MS of NB5 x NBO) x F58-87 10,159 31.9 15.9 90.8 157 
F60-561H2 F58-85HO x 9561-4 9,674 29.1 16.6 92.8 151 
General MEAN of . 

all varieties 10,860 2.600 16.7 92.4 Beets 
S. 5. of MBAN ; / O.'/ 0. 0. per 
Significant Difference (19:1) aE 2.0L 0.36 L.2u 100' 
S. E, of MEAN row 
in % of MEAN 2. 2518 krnOs 0.51 


Odds 19:1 = 2.00 x /2 x Standard Error of MEAN 


VARIANCE TABLE 





Degrees MEAN SQUARES 
Variation due to of Gross Tons Percent Percent 

Freedom Sugar Beets Sucrose T.JP. 
Between varieties 3 9 3,875,576 25.85 0.87 43h 
Between replications 7 716,516 11.74 0.73 1.58 
Remainder (Error) 63 527,682 4 Ok 0.13 1.63 
Total 19 
Calculated F value 7. ue 6.40%  6,69%% 2.66% 


* Exceeds the 5% point of significance besten 
#** Exceeds the 1% point of significance (F=2.63 
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DEVELOPMENT OF TRIPLOTD AND TETRAPLOID SUGAR BEETS 
B. L. Hammond 


Continued emphasis has been placed during the past year on the 
production of polyploid strains of sugar beets to determine their value 
for the West Coast area. 


In last year's report it was stated that a portion of seed obtained — 
from the Cy generation of colchicine-treated seed of the multigerm top- 
cross parent, 663, was planted in Oregon in July 1960 to produce steck- 
lings for seed increase at Salinas. In March 1961, 153 stecklings were’ 
isolated in San Miguel Canyon near Salinas. A cytological examination 
indicated that 131, or 86 percent, of these plants were tetraploid. 
Approximately 5 pounds of seed was harvested in July from the tetraploid 
plants. In August, a portion of this seed was made available to the 
Foundation as variety 16431 for evaluation and seed increase. 


Sixty-five plants also identified as tetraploids were isolated in 
the. Alisal area along with the male-sterile monogerm diploid, MS of 
7515 X 7569, and the male-sterile multigerm diploid, MS of NBL X NB3, 
for the production of triploid seed. These triploid hybrids will be 
evaluated in 1962 in USDA and cooperative sugar company variety tests. 


Also isolated were 13 tetraploid plants of 663 origin having green 
hypocotyls, from which a small quantity of seed was obtained. A seed 
inerease of this selection is being made. 


Seed of 46 selected colchicine-treated plants of the multigerm 
inbred, 0539, was harvested in April 1961 and some immediately planted, 
from which 125 seedlings were obtained. Ninety-six percent of the 
plants of the Cy generation were tetraploids. These were placed under 
thermal induction in August together with a group of plants.of the 
self-sterile tetraploid of 663 origin described above. These two tetra- 
ploids from high performing diploids will be crossed to produce tetra- 
ploid pollinators. Another portion of the C, generation seed from 
colchicine-treated 0539 was planted in Oregon in August to obtain steck- 
lings for seed increase at Salinas next spring. 


Seed of progenies of 53 T3-line single-plant tetraploid selections 
was collected during the year. Seed increases are being made of a number 
of the selections. The TS line is a group of tetraploid plants produced 
from S¢(US 22/3 X NBL). 


The type O monogerm inbred, 0562, and its male-sterile equivalent, 
9561H2, were chosen for the development of a male-sterile monogerm 
tetraploid line. Colchicine treatment was begun in September 1960. 

In December 1960, 50 plants of the former and 66 of the latter were 
selected as being highly tetraploid chimeras on the basis of chromosome 
observations in vegetative tissue and exposed to thermal induction for 
120 days. At the end of this period, 33 plants of the former and 47 of. 
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the latter had survived. Just prior to flowering, young tissue from 

the tip of the floral axis of each was examined cytologically. Twenty- 
four of the former and 42 of the latter were selected for pollination 

on the basis of the apparent absence of diploid cells. Fertility was 
very low. However, a small quantity of seed was obtained, a portion of 
which was planted in September 1961. From the cross between colchicine- 
treated 0562 and its male-sterile equivalent, 9561H2, 121 seedlings, all 
tetraploid, were obtained. From 0562 selfed, 63 plants were obtained, 

all also tetraploid. These plants are nearly ready for thermal induction, 
and a seed increase will be made. 


A procedure similar to that above is being used in connection with 
the diploid monogerm lines SLO1L56 (MSmm X CT5mm) and SLO267 (SLC129mmaa X 
CT5mmAa), both developed by Dr. Owen. Treatment was begun in November 
1960, and seed from the C, generation is now ready for harvesting. 
These lines will be carried through another generation at this Station. 


Seventy-four colchicine-treated plants of the monogerm inbred 
0546-36 were selected in July and placed under thermal induction. These 
have been moved to the greenhouse for cytological examination and pol- 
lination. 


Germinating seed of the monogerm inbred 0546-48 was colchicine- 
treated in June. Seventy-two plants selected of the basis of cyto- 
logical examination are now undergoing a 4 month's period of thermal 
induction. 


Fifty-seven colchicine-treated plants grown from seed of the 
monogerm inbred 0546-22 were selected and placed in the coldroom in 
November 1961. 


One~hundred thirty-eight colchicine-treated seedlings of the mono- 
germ inbred 1546-22 were transplanted to pots in October 1961. Forty- 
nine of these have been selected for thermal induction. Selection 
1546-22 differs from 0546-22 in being more resistant to curly top. | 


Tetraploids are also being produced in the monogerm inbred 1672 
which originated from a backcross to the NBl multigerm inbred. One- 
hundred seventy plants grown from colchicine-treated seed soon will be 
examined cytologically, selected and placed under thermal induction. 


Sixty-six colchicine-treated plants of the type 0 multigerm 871 
were selected and placed under thermal induction in July 1961. ‘These 
are now in the greenhouse and soon will be ready for cytological examina- 
tion, selection and increasing. The 14 plants having green hypocotyls 
will be segregated for separate pollination. 


Colchicine-treated seed of the type 0 mnultigern, F57-85, and its 
male-sterile equivalent, F57-85HO, is now being grown in the greenhouse 
for selection of tetraploid material. 
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GREENHOUSE CHAMBERS FOR SMALL SEED INCREASES 
J. S. McFarlane and I. 0. Skoyen 


The sugarbeet breeder must frequently make small seed increases 
of breeding lines and hybrid combinations. These increases can be made 
in field isolations, but costs are high and great care is required to 
avoid contamination from outside pollen. Greenhouse chambers ventilated 
with filtered air are widely used in Europe for producing small quantities 
of seed, The Great Western Sugar Company has developed a compartmented 
greenhouse at Longmont, Colorado which ,uses the principle of negative 
pressure for ventilating and cooling.£/ Following a study of these 
facilities a group of 12 compartments was constructed at the U. S. 
Agricultural Research Station, Salinas, California in 1961. 


A prefabricated, aluminum-framed greenhouse without doors or roof 
vents was used as the basic unit (Figure 1). The greenhouse measured 
32 feet x 9 feet and was divided into 6 sections using standard commercial 
partitions. Each section was subdivided into 2 equal-sized chambers by 
cross partitions constructed of vinyl-plastic film. The planting area 
within the chambers measured 57 inches x 50 inches. All seams and joints 
between chambers were sealed with either a caulking compound or plastic 
cement. Entry to each compartment was gained through modified, commercial 
ventilating sash hinged at the eave line (Figure 1). 


Filtered air was provided from a fan house constructed at the head 
of the greenhouse. The fan was located in a pollen-tight room and air 
was drawn through filters fitted with a cotton media capable of removing 
air contaminants below the size of sugarbeet pollen (Figure 2). The 
filtered air was directed through an underground duct constructed of 
concrete pipe and parallel to the greenhouse. Junction boxes were 
placed at 15~foot intervals in the concrete pipe and 4-inch transite 
pipe was used to carry the filtered air from the junction boxes to the 
individual chambers. The air flow was adjusted to provide a change of 
air every 2 minutes or less. Air escaped through flutter valves located 
in the outside wall of each chamber, 


Thermally induced beet roots were planted in beds which were formed 
by placing soil to a depth of one foot inside the chamber foundations. 
The plants were furrow irrigated and the flow of water was controlled 
by valves located just outside the chambers. Supplementary light was 
furnished from a 150-watt incandescent bulb in each chamber and controlled 
by a time clock. Fumigants for insect control were introduced through 
the air outlets. 





WV iiooa, R. R., Conwell, D. E., Impey, C. Walters, and Smith, P. B. 
1960. Development of air conditioned, compartmented greenhouse. 
Jour. Amer. Soc. Sugar Beet Tech. XI (1): 44-48. 
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The plants grew vigorously and flowered normally in the chambers. 
Some difficulty was experienced with pollen distribution and provisions 
for shaking the plants during pollination would be desirable. Seed 
yields as high as 2 3/4 pounds per chamber were obtained. Very little 
contamination occurred with pollen from the outside. This was determined 
by planting one chamber entirely to male~sterile plants and counting 
the seeds which were formed at the end of the pollinating season. Only 
17 seeds were identified as having arisen from fertilization with outside 
pollen. 


Two crops of seed were grown in each chamber in 1961. Three seed 
crops per year should be possible by carefully coordinating the supply 
of thermally induced roots with the dates the chambers are available 
for planting. 
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Figure 1. Compartmented greenhouse used for production of sugarbeet seed 
at Salinas, California. Filtered air from fan house (top, right) is 
supplied to each chamber through underground ducts. 





Figure 2. Filter unit consisting of a replaceable, pleeted-cotton, 
filter cartridge and a metal retainer. 
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Pentehroor 


DEVELOPMENT AND EVALUATION OF INBRED LINES 


AND HYBRID VARIETIES OF SUGARBEETS 


with emphasis on 


Curly Top Resistance 


Monogermness and High Quality 


Foundation Projects 22 and 23 


F, V. Owen G. K. Ryser 
A. M. Murphy C. H. Smith 
K. D. Beatty Myron Stout 


Je C. Overpeck 


Cooperators conducting field tests: 


New Mexico Agricultural Experiment Station 

Southwestern Irrigation Field Station, Brawley, California 
Utah-Idaho Sugar Company 

The Amalgamated Sugar Company 
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SALT LAKE CITY STATION BECOMES A MEMORY 


The staff of Sugar Beet Investigations was officially transferred from 
1810 South Main Street, Salt Lake City, Utah, to Crops Research Laboratory, 
Utah State University, Logan, on July 1, 1961. The Salt Lake City location 
had served as headquarters for regional sugarbeet research for more than 
30 years. 

A brief description and a photograph of the architectural Rerariie 
of the new facilities are given on pages 66 and 67, respectively. 

Mr. Albert M. Murphy, Research Agronomist, and Mr. B. J. Ruffing, 
Agricultural Aid, were transferred from Twin Falls, Idaho, to the Crops 
Research Laboratory, Logan, Utah, January ‘1, 1962. For several years, 
sugarbeet research at Twin Falls was conducted in close cooperation with 
the staff at Salt Lake City. The transfer will permit further consolida- 
tion of research activities on regional problems. 

Drs. V. F. and Helen Savitsky, who were employed in 197 by the Beet 
Sugar Development Foundation and worked as Collaborators at the Salt Lake 
City Station, were transferred in March 1961 to the Agricultural Research 
Field Station, Salinas, California. They are now geneticists under Civil 
Service appointment and remain as members of the staff of Sugar Beet 
Investigations. They will contime basic research on genetics, cytology, 


and interspecific hybrids at their new location. 
The nostalgia for the "Old Station" is a problem yet to be resolved 


by those who have made the transfer. 
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CROPS RESEARCH LABORATORY 
LOGAN, UTAH 

A photograph of the architectural rendering of the Crops Research Lab- 
oratory is shown on the opposite page. It is a good representation of the 
finished structures and the scenic environs. 

The first floor, except for the front offices used by ARS Administra~ 
tive Assistants and the portion used as headhouse, is occupied by the staff 
of Sugar Beet Investigations. There are offices and laboratories for sugar- 
beet research in agronomy, genetics, cytology, biometry, plant pathology, 
and plant physiology. 

The basement provides space for refrigerated storage of roots; 
for processing root samples, and laboratory for sugar analyses. In addi- 
tion there are laboratories for physiological and chemical research,as well 
as space for plant growth chambers. 

The second floor of the building is occupied by staff members of 
Forage and Range! Research Branch; Safflower Investigations, Oilseed and 
Industrial Crops Research Branch; and Nematology Investigations, Crops 
Protection Research Branch. 

The greenhouse shown in the photograph is assigned to sugarbeet 
research, A similar greenhouse at the other end of the building is used 
by investigators occupying the second floor of the laboratory. 

The service building for storage of trucks and.other equipment is 


shown to the right of the greenhouses. 
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VARIETY TEST, LOGAN, UTAH, 1961 
By G. K. Ryser and 
C. H. Smith 

GROWER: Parley L. Bodrero ) 

SOIL TYPE: Ricks silty clay loam 

PREVIOUS CROPS: Alfalfa, 7 years; 1959, grain; 1960, fellow; 
1961, sugar beets. 

FERTILIZERS: 400 1bs. of ammoniated phosphate (20-40) per acre 
applied in the fall of 1960 previous to fall plowing. 

PLANTED: April 11, 1961 

THINNED: May 22, 1961 

IRRIGATIONS: First irrigation, July 1. Four irrigations by furrow. 
Irrigations 18 days apart. 

CURLY TOP: Marked symptoms were noted in susceptible varieties but 
rare in resistant varieties. 

HARVESTED: October 16, 1961. At harvest the tops were removed with 
a roto-beater and the beets scalped with tractor-mounted scalping 
tools supplemented by long-handled noe work. Beets were counted 
as they were being elevated to the weighing basket. Both rows 
were weighed and sampled for sugar analyses. These samples were 
weighed after washing to determine tare percentages. 

EXPERIMENTAL DESIGN: Test I was planted in an 8 X 8 Latin square. 
Test II was planted in a 5 X 6 rectangular lattice with 6 replica- 
tions. Test III was planted in randomized block design. The beets 
were planted in 2-row plots with 22 inches between rows. Objective 
at thinning was 8 to 10 inches. Four-foot alleys were cut between 


plots. Effective plot length was 45 feet. 
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VARIETY TEST, LEWISTON, UTAH, 1961 
In cooperation with the Amalgamated Sugar Company 


8 X 8 Latin Square TEST I 





Planted April 10, 1961 
Harvested October 6, 1961 


ACRE YIELD BEETS 


VARTETY DESCRIPTION GROSS TONS SUGAR 100! 


SUGAR BEETS PERCENT ROW 
a a a ra Pe 


91h0 7121 MS mm X CT5B 8,994 33.8 1334 126 
gp 67e! org MS X mm 8,720 32.2 13.6 115 
gl122A 7121 MS X CTSA 8,493 33.2 12.8 120 
0179 MS mm X CTS mm Opoa7 1s S0TD 13.8 115 
os3gn12/ 7515 MS mm X 7569 8,052 3365 Pity 118 
0110 2113 X CT5 mn 8 ,065 30.4 13.3 120 
0457 630 aa X CT5 7,994 30.0 13.4 112 
o462 cT8 aa X Line 289 7, 54h 25.1 15.0 115 
5iEeeot MEANY OPP 4 EP a a SN Oe ae 
in % of MBAN 2.76 1.61 1.79 

i/ 


Hybrid E 67 was produced by the Amalgamated Sugar Company 


2 
2/ Hybrid 0539H1 was produced by Dr. J. S. McFarlane 


Ero te 


VARIETY TEST, KIMBERLY, IDAHO, 1961 
In cooperation with the Amalgamated Sugar Company 
8 X 8 Latin Square TEST I 


Planted April 7, 1961 
Harvested October 13, 1961 


ACRE YIELD BEETS 


VARIETY DESCRIPTION GROSS ‘TONS _ SUGAR 100' 
SUGAR _ BEETS PERCENT ROW 
0457 630 aa X CTS 10,370)" . #502. 15.7 111 
0110 211H3 X CTS mm 10,259 34. 14.9 115 
91224 7121 MS mm X CTSA 10,121 34.0 14.9 110 
E 67h, CT9 MS mm X mm 9,848 31.9 15.4 107 
9140 7121 MS mm X CT5B 9,670 52.7. 14.8 101 
0179 = MS mm X CTS mm 9,098 30.0 - 15.2 112 
0539H12/ 7515 MS mm X 7569 9,160 32.7 14.0 112 
oh6e2 CT8 aa X Line 289 8,236 24.0 17.2 101 
tai varieties 9,595 31.6 15 «2k 109 
SFB i7 of Maan ee eer en fn Opes SOLID Tey alm tet 
Sig. Diff (19:1 109 2.40 0-51 
~ etna 2.87 2.66 1.18 | 
Cal. F. Values 6.91** 16,05** 25.22% 


1 
2 Hybrid E 67 was produced by the Amalgamated Sugar Company 


a/ Hybrid 0539H1 was produced by Dr. J. S. McFarlane 
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VARIETY TEST, JEROME, IDAHO, 1962 
8 X 8 Latin Square . TEST T 


Planted April 12, 1961 
Harvested October 18, 1961 





SMe Se RE I ORE TEED y= PERO ENT copesteetge Bebe 
VARIETY DESCRIPTION noe Siar 6 
9140 7121 MS mm X OT5B 11,388 33.5 17.0 0.0 117 

O45 7° 630 aa X CTS 10,958° 32.4 16.9 1.8 108 

n 67! org MS X mm 10,605 | 3i.h  A22669 con ey 368 105 
0110 211H3 X CTS mn | 10,592 32.0 16.6 0.0 108 
9122A 7121 MS X CTSA 10,581 = 32.0 16.6 1.0 110 
ossom2/ 7515 MS mm x 7569 9,976 30.2 16.5 2.5 110 
0179 MS mm X CTS mm 9,689 28.7 16.9 0.0 109 
oh62 «OT aa X Line 289 8,08. ° 23.4 9 18%5 6.5 104 

5. Bi-ot MEAN a. GR ee Oh oe On Orne Ov Came pam iag citations 
Sig. Diff. (19:1 35 Bal 0.45 


S. E. of MEAN 
2.46 eeo0 O. 
in b of MEAN 3 Z of 


Cal. F. Values 12.2h%* 17.65%* 16.05%* 


Wy 67 was produced by the Amalgamated Sugar Company 


2/nypria 0539H1 was produced by Dr. J. S. McFarlane 


3/tnis test was planted on the same field as last year and culture practices 
the same. For detailed information refer to page 19, 1960 report. The 


sugar analyses were determined by the Analgamated Sugar Company at Nyssa, 
Oregon 
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VARIETY TEST, LOGAN, UTAH, 1961 


3 replications of each variety TEST IIT 


NUMBER DESCRIPTION MENT GROSS TONS ‘“SUCAR PURITY Amino — 100' 


0503 SEC 129 3 Pepe Lael Sie 14.9 84.4 6130 263 2703 88 
0504 do. 2 4,759 16.2 14.7 82.9 6030 270 2833 100 
6 


0520 =Line 9508 5301 |. 1453 15.1 85.4 k300 670 2326 87 


0521 do. 5 4,385 16.2 13.6 82.3 5600 10 2620 92 
0522 do. 8 3,579. 12.9 15.0 82.2 6030 320 2363 79 
0523 CTS mm 11 45150" §10.0 L5e7 83.6 4970 280 1896 80 
0524  9h3 ; 1 4975" 16.2 15.4 82.2 6630 277 2380 87 
0525 + SLC 132 h 4448 8615.8 14.0 80.7 7800 443 2760 72 
0529 = SIC _ 122 

sublines i #5158 415.1 TST 82.7 4070 470 2773 82 
0552 CTS m 9 3,466 11.3 15.4 83.6 7000 290 1993 86 
0553 do. 10 S297 “loth 15.7 84.2 6960 2h7 1763 66 
General MEAN 
of a1] varieties 4,09h 13.96 14.85 83.11 5958 334 hor 
S. BE. of MEAN Bisin 1.3 0.25 NS NS 56.68 177-10 
Sig. Ditt. (Lote 1135 -02 GO. To NS 167.50 524.0 
5S. E. of MEAN 9.38 Ot ame 700 | soar a 170.) 7437 


in % of MEAN 





Cal. F. Values 2.60* 3.24% 9,89" NS NS 20 howe 55 %% 


VARTETY 
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DESCRIPTION OF VARIETIES IN TEST II 


LOGAN, UTAH, 1961 


DESCRIPTION 


VAR ere 


7121 MS mm X CT5 rr 


9121 
g122A 
9140 
0103 
0105 


0106 
0107 
0108 
O11O 
O111 


0112 
0120 
0121 
0122 


0123 


0125 
0126 
0129 
0140 
0131 


0132 
0156 
OLon 
0167 
01.76 


0179 
0198 
0199 
028 

O44 


do. 

do. 
US 22 MS 

do. 


do. 
do. 
de. 
do. 
do. 


do. 
do. 


9132 MS mm X 


do. 
9136 MS mn 


9136 MS" mn 
do. 
914.2 MS mm 
9142 MS mm 
9145 MS mm 


914.5 MS mm 
9142 MS mm 
ade 
9145 MS mm 
AI (10X12) 


x 


X 
x 
X 


9132 MS mm X 


9145 MS mm 
do. 

US 41 

45145 


X 
xX 


X 


CTSA 
CI5B 
CT5 .501 
916, LSR 


Price 833-1 

Group A, Nematode selections 
Group B, dos) [tos 

CTS mm 

(CT5.CT9) mm 


132 mm 


955-1 mm 
631 

Tine 289 

900, LSR 


50+10 
Line 289 
630 

CTS «501 
50+10 


Price 8433-1 
(CT5 mm) 
142 mm 
95.525 mm 
CT5 mm 


CT5 mm 
Group A, Nematode selections 
Group B, do. do. 


Line 289 


15 = 


VARTETY TEST, LOGAN, UTAH, 1961 


6 replications of each variety TEST II 
5. I, Pl ACRE YIELD PERCENT P-pem. BEETS 
NUMBER ment GROSS TONS SUGAR PURTTY Amino... 100° 
SUGAR  BBETS N Na K RW 
9121, a: 16 Tyla eek oo 9 84.2 5800 470 =©=©2h70)=— 104 
9122A 15 7,409 4.5 15.1 83.1 6000 hio 2280 107 
9140 7 EaCe 7,895 "26.5 18.9 8h.% 6400 450 2h00 107 
0103 14h THs ONO IG 81.8 6400 530... 2370 107 
0105 29 6,497 23.2 13.9 82.0 5600 570 2620 101 
0106 13 7,485 8760 1359 81.5 5800 Tho 2640 103 
0107 8 (;T10 “@7%s6. 14.0 83.2 6100 610 2620 102 
0108 6 7:90 202 1h.i 82.1 6000 560 2680 104 
0110 17 7,297 NAL 1561 84.0 54.00 420 2380 10h 
O111 a7 T\G5l = 26.070 dat 83.6 5400 460 2h60 ° 111 
0112 9 7701. PBA 13.8 81.4 6200 640 2590 101 
0120 on TyO3 THe OBVT os.8 82.3 6100 470 2510 103 
0121. 19 7,116 B35 15.2 82.9 6800 410 2560 96 
0122 22 7,005 "289 15.3 82.9 6000 360 2220 100 
0123 5 Bid 86.6 | A525 82.4 5600 540 2h70 111 
0125 2h 6,943 2oh.6- i1h.o 82.4 5500 510 2680 102 
0126 12 7;528 172559 15.7 84.3 6200 340 2atho 8 =6101 
0129 10 7,685 26.5 14.5 82.8 5900 480 2480 117 
0130 2 8,410 26.4 15.9 83.3 6000 460 2150 108 
0131 27 6,793 | 24.6. 713.8 81.6 6200 4ho 2850 96 
0132 4 8,260°916926 14.1 81.9 5100 470 2540 109 
0156 23 T,Oll ~~ ReS 9151.6 86.1 4300 300 2040 103 
0157 16 T3572 25.9. 2h.2 83.2 6600 720 2720 106 
0167 28 6,623 21.6 15.4 83.1 5800 320 2290 108 
0176 30 5,939 19.8 15.1 83.4 5800 390 2280 112 
0179 26 6,822 22.8 15.0 83.8 5400 380 22ho §=—-:104 
0198 3 87586 8975 14.1 10:83.0 4800 500 2470 111 
0199 ( 2: 8,526. 3004 13.9 82.6 5400 S40 aeco fo. Lis 
028 25 6,922 2h. i1b.2 82.5 6300 610 2730 100 
ol6k 23 6,995 22.6 15.5 82.0 7500 heo 2160 100 
General MEAN 
roommate 2p 7,394 25.2 4.7 82.9 5888 487 2h58 
S. k. of ME 405 0.9 0.25 NS NS BOtd oes 


Sig. Diff. (19:1 5 2.69 O71 155.8 262.0 
S. E. of MEAN 4.12 5 8i-—1---70 +e OES» ay PR 0 8 


in % of MEAN 


Cal. F. Values h.o2x* 6.63%* G6.h1x* NS NS 3. 6yxe hh 7OK% 
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TEST WITH SALT LAKE CIi'Y VARTETIES 
BRAWLEY, CALIFORNIA, 1960-61, 


By K. D. Beatty and 





6 replications each variety F. V. Owen 

. the POPs oS) ans ae _cahONS Behar ROOT” Bhai BOLLING MaERTO. - 
VARIETY DESCRIPTION ACRE CODE PERCENT 100! 

ROW 

9101 US 22 MS X CTSB 251 1.8 kh g 138 
9140 7121 MS mm X CTSA 25.0 17 hh 6 136 
0106 US 22 MS X Price 833-1 25.0 27 2.0 th5 
0110 US 22 MS X CTS mm eh by 2.0 10.9 133 

OD do. X SLO 132 mm 23.3 1.8 0 119 
9100 US 22 MS X CT5B 23,42 1.9 15.3 136 
0103 do. X CT5.501 23.1 1.5 41.2 130 
0132 9142 MS mm X Price 8335-1 22.7 1.3 Oo4 118 
0130 do. X CT5.501 mn 22.4 Ey 8.4 134 
H2 F59-63H1 22.2 1.8 0.6 153 

9121 7121 MS mm X CT5A 21.9 2.2 56.0 125 
0457 SL 630 aa X 94.55 of CTS M 21.2 1.5 53.2 123 
010L US 22 MS X SL 630 M 21.0 2:0 a 118 
0453 CT5B aa X SL 631 MM 201 2.0 aT i 135 
929 9142 MS mm X SL 630 M 1961 2.3 4.9 127 
0111 US 22 MS X 945 mm 1B att 2.5 1145 129 
0121 9132 MS mm X SL 631 M 18.1 2.3 1.0 130 
0102 US 22 MS X SL 631 M 18.3 2.5 5.4 111 
O464 =43145 X 5080 M 17.9 2.6 2.5 135 
0120 US 22 MS X 955.1 mm etc. L7it7 2.2 0.6 122 
0143 9136 MS mm X SLE 129 om 16.8 2.8 0.6 122 
o1k9 do. X 943 mm 16.8 ae2 17.8 129 
OL79 9132 MS mm X CTS mm 16.3 2.8 5.5 To 
O148 9136 MS mm X CTS mm 15.7 2.8 13.9 17 
0176 Amal. (10X12) MS mm X SIC 129 mm 1503 43.2 26.7 156 
0157 9142 MS nm X SLC 132 mn 15.0 5.2 0 118 
0156 do. X CT5 mm 14.8 3.0 9.4 110 
01753 Amal. (10X12) MS mm X SLC 129 mm 1330 oles 1.6 132 
0158 9142 MS mm X 95.5.1 mm 12.4 5.0 14 123 
0178 Amal. (10X12) MS mm X SIC 129 mm 11.4 4.0 3.8 121 








“7 SR ie hall CONN Lan Sa oe a an eee ets hetieranSeatocoareeeeta eae cE ee ee 


Planted September 15, 1960 
Harvested April 18, 1961 


a he 


TEST WITH SALT LAKE CITY VARIETIES 
BRAWLEY, CALIFORNIA, 1960-61 


By K. D. Beatty and 


1 replication only each variety F. V. Owen 
; TONS | ROOT mo. more 

VARIETY DESCRIPTION PER SIZE BOLTING 100° 

ACRE GRADE PERCENT ROW 
9450 CT5B+0 15.2 3 62.9 175 
0523 CT5 mm monogerm 16.2 2 22.6 135 
0503 SLC 129 mm 9.5 4 0 130 
0267 (129 aa X CT5 mm) 18.2 3 0 130 
0529 SILC 122-19 subline, monogerm 9.0 h oO 120 
0543 9525-5 mm Red h 7.5 135 
0080 eT 5 0 93 
T7867 crs 8.5 4 0 135 
o463 cT8 aa X 289 multigerm ond 5 0 183 
94.70 Munerati annual 15.6 5 55.0 135 
hUH60HO BMS annual 18.4 3 ol .0 125 
04500 BB rr mm, monogerm ib bey, 4 31.0 105 
84.602 Intermediate annual S6 Taco \ 0 98 
04553 FoB6 CT5 annual 21.1 3 85.7 123 
04555 FoB7 CT5 annual 15.4 3 84.9 155 
9051 cash 1751. 3 hO.1 138 
9054. CT5 from 82.507 Ves 5 0 155 
0001 ¢CT5 from 92.501 16<e 3 80.0 128 
0002 CT5 from 94.55 16.9 3 16.7 135 
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SPECIAL VARIETY TEST WEST JORDAN, UTAH, 1961 
6 Replicated Plots Of Each Variety 


Conducted by Utah-Idaho Sugar Company 


under the supervision of Bert Atwater Acre Yield 
Gross Tons Percent 
Variety Sugar lbs. Beets . Sucrose 
1. 0107 Code 3x Group A 8137 26.1 15.6 
2. 028 Us hi 8126 2763 14.9 
3. 02108 Code 3x Group B 8062 25.8 15.6 
4. 0110 ~ Code 3x 92h (CTS mm) 7886 25.9 152 
Se 0179 Code 32 x 92h (CTS) 78h0 25.3 1505 
6. 9122A 7121 x CTSA 7698 2567 1520 
Te Sel. 202 7698 2505" 15e1 
8. 0156 Code’ 2 x 92h (CTS) 7542 2h, 08 1562 
Je 0123 Code 36 x 900 LSR 781 2h.3 15eh 
10. 0176 (10 x 12) x 92h (CTS) 7h7h 2h ol 1565 
11. 9121 7121 x CTS rr 7h35 2563 Lhe? 
12, 0126 Code 36 x 5080 7356 2h,0 1543 
13. 122 x (CTS x 110 x CT9) 7030 22 oh 1507 
ly. 0122 Code 32 x 5080 6972 22.5 1565 
15. 0122 Code 32 x 631 6956 2307 Uh.7 
16, 0105 Code 3 x 916 6922 22.6 1503 
17.0,0012 Code 3 x 132 mm 6882 22,2 Dies 
18. 122xU&Inoc 6762. 22.5 15.0 
19, 0106 Code 3 x 633 wl 67h 22.6 1h.9 
20. 0198 Code 45 x Group A 6637 21.7 15.3 
21, 122 x SL3h0 NC 6575 21.6 15.2 
22, mOLLL Code 3 x 943 (CTS CT9)mm 6556 22 3 1h 07 
23. 122 x SP 5651-0 C . 6405 21.3 15.0 
2h, 0129 Code 2 x 630 6271 20.6 15.2 


25. .0199 Code 45 x Group B 6256 20.2 15.5 
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SPECIAL VARIETY TEST WEST JORDAN, UTAH, 1961 


6 Replicated Plots of Each Variety 


Acre Yield 


Gross Tons Percent 
Sugar lbs. Beets Sucrose 


General MRAN of 


all varieties 7188 23.6 15.2 
Shs or MEN As ee eet eee Oe O0e fb EB Lcd wore, 335% 
Sigs Diff. (1931) 1300 3.98 NS 
S.E. OF MEAN | 

in % of MEAN 6.10 5297 2.30 


(Odds 19:1 = 2/2-x Standard Error of Mean. NS = F value not significant.) 


VARIANCE TABLE 


Degrees MEAN SQUARES 
Variation due to of Gross Tons Percent 

Freedon Sugar lbs. Beets Sucrose 
SN ee a a EP TE ecto ess a eee 
Between varieties 2h 22.07 0 53h 
Between blocks 5 ASO y TE 36 
Remainder (Error) 120 11.86 0735 


Calculated F Value _ 


% Exceeds the 5% point of significance (F = 1.60) 
ws Exceeds the 1% point of significance (F = 1.9h) 
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Sugar Beet Variety Test, University Park, New Mexico, 1961 
In cooperation with the New Mexico Agricultural Experiment Station 


By J. C. Overpeck 


The annual field test showed yields ranging from 18.9 tons to 3.0 
tons to the acre. Curly top was as severe as ever noted in any past 
year. 202H9, which scarcely showed any curly top, was highest in 
yield by a wide margin, and other varieties yielded in proportion to the 
severity of curly top. 

Cercospora leaf spot was most severe on varieties which seemed 
most resistant to curly top, but during the last 2 months before har- 
vest the injury was much less noticeable; and although it may have 
adversely affected the percentage of sucrose, it did not seem to affect 
seriously the final yields. 

In an observational unreplicated test, SP 6051-0 showed prac- 
tically no curly top and very marked resistance to leaf spot. It was 


probably the outstanding variety in the entire test. 
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SUGAR BEET VARIETY TEST, UNIVERSITY PART, NEW MEXICO 


In cooperation with New Mexico Agricultural Experiment Station 


(Results given as 6-plot averages) 
Root yield : Curly top readings 
ey (tons/acre) : a _ —_ 





SL 202H9 (multigerm) 3.0 1.0 0 Zoe 
R 5651 (multigerm) 21.) vy Oat See 
SL 122MS5 mm X SP 54.60-0 po A 203 4.2 3.8 
(commercial monogerm) 
SP 60106-01 (monogerm) 18.9 3.2 4.0 4.3 
SP 60107-01 do 22.8 2.7 4.0 4.0 
SP 6011-01 do 23ee 2.5 3 4.5 
SP 60115=01 do 19.6 4.0 4.8 5.0 
SP 60119-01 do 223 3.0 Het 3.8 
SP 60120-01 do 19.9 eeu HS 4.5 
LSD (P = .05) 5.2 
LSD(Ps= 201) 6.9 





SL 333 not an entry in 5 


replicated test 14.7 320 5.5 mae O 


L/ Low readings best in resistance; 10 indicates total loss due to 
curly top. 


Leaf spot developed to epidemic proportions in September and 
influenced curly top readings and relative root yields of varieties. 


Test planted March 17 and harvested December 12, 1961. 


For further information on research to combine resistance to 
curly top and leaf spot, see Parts V and XII. 
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DEVELOPMENT AND EVALUATION OF SUGARBEET VARIETIES 
SUITABLE FOR THE GREAT LAKES RHGION 


Breeding to Combine Resistance to Leaf Spot and Black Root 
in High Quality Lines and Productive Varieties 


Evaluation of Miscellaneous Varieties 


Foundation Project 26 


65 6 GR GS GS € €3 Se GH cs 6 EOE oD 


G. E. Coe H. W. Bockstahler 
C. Le Schneider G. J. Hogaboam 
Dewey Stewart 


Cooperators conducting field tests: 


Farmers & Manufacturers Beet Sugar Association 

Buckeye Sugars, Inc. 

Ganada and Dominion Sugar Company, Ltd. 

The Great Western Sugar Company 

Menominee Sugar Company 

Michigan Sugar Company 

Monitor Sugar Division 

Northern Ohio Sugar Company 

Michigan Agricultural Experiment Station 

Western Ontario Agricultural School, Ridgetown, Ontario 
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EVALUATION OF BASIC BREEDING MATERIAL AND VARIETIES 
SUITABLE FOR THE GREAT LAKES REGION 


Dewey Stewart 


The cooperative variety trials of 1961 in the Great Lakes region were planned 
primarily to evaluate regional adaptation of inbred lines, synthetic vari- 
eties, and hybrids developed in sugarbeet breeding conducted at the Plant 
Industry Station, Beltsville, Maryland, and the Michigan Agricultural Experi- 
ment Station, East Lansing, Michigan. The Farmers & Manufacturers Beet Sugar 
Association supplied commercial seed as well as seed of experimental hybrids. 


Summary of 8 Latin square experiments is given on page 88. The relative per- 
formances of the varieties in acreable yield of roots and sugar, percentage 
sucrose, and purity were profoundly influenced by leaf spot and to some extent 
by black root. Leaf spot occurred in observable intensity in 6 of the 8 experi- 
ments included in the summary. In three of the tests, leaf spot reached epi-~ 
demic proportions and disease readings are given indicating the relative 
tolerance of the varieties. 


The disease was also severe in the test at Findlay, Ohio (page 10), and East 
Lansing, Michigan (page 98). The incidence of leaf spot in the various coop= 
erative tests clearly indicates that 1961 was a favorable year for leaf spot 
in the Great Lakes region. 


The summary of the field tests indicated a higher acreable yield in roots 
and gross sugar for the multigerm variety SP 581-0 (US 01) than for the 
monogerm hybrid SL 122MS X SP 5460-0. However, the average sucrose per= 
centage for the monogerm hybrid is slightly higher than that of the multi- 
germ variety. It is of interest to note that the monogerm and multigerm 
varieties gave similar relative performance for sucrose percentage in coop= 
erative tests of 1960 (see 1960 Report, page 267). In the summary of nine 
cooperative tests of 1960, the average acreable yields of roots and gross 
sugar for the monogerm hybrid and multigerm variety were similar; therefore, 
the significant differences shown for these attributes in 1961 are probably 
a reflection of relative differences in disease tolerance. 


Attention is directed to the excellent performances of the synthetic mono= 
germ varieties SP 6019-01 and SP 60195-01, which were developed by G. E. Coe 
in a program of backcrossing. The parental lines were discriminately chosen 
from greenhouse screening tests conducted for black root resistance by 

C. L. Schneider and from field tests conducted under leaf spot and black 
root exposure at Beltsville, Maryland; East Lansing, Michigan; and Waseca, 
Minnesota. Performance evaluations were conducted near Saginaw, Michigan, 
by the Farmers & Manufacturers Beet Sugar Association. The monogerm varieties 
are more resistant to leaf spot than the multigerm SP 581-0 (US 01), and 
under the conditions of these tests their average values for the attributes 
of acreable yield of roots and gross sugar and sucrose percentage did not 
differ statistically from those of the multigerm variety. 


The multigerm hybrid NB1 MS X EL 2 has the highest average acreable yield of 
roots and gross sugar of the varieties included in the summary table. The 
inbred line NBl used as seed parent was developed by J. S. McFarlane and the 
pollinator, EL 2, by H. L. Kohls, Michigan Agricultural Experiment Station. 
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DESCRIPTION OF ENTRIES IN FIELD AND NURSERY TRIALS OF 1961 


Entry No. Description 

SP 6045-0 - Monogerm synthetic variety produced by interpollination of 
selfed progenies of 11 plants producing good polycross 
progeny. 

SP 6019-01 

SP 60195-01 = Monogerm varieties obtained from backcross progenies. 

SP 60196-01 

WC 0463 - Increase of SP 591103-0 (Gaskill), which is an increase 
of PI 254,575 = Russian monogerm. 

WC 0465 - Increase of SP 59H5-0, a selection (Wallaceburg, Ont.) 
from Monogerm SP 5832-0. 

SP 6059-0 - Multigerm synthetic variety from the interpollination 
of 8 clones that were excellent in resistance to leaf 
spot and black root. 

SP 5937-0. - Multigerm synthetic variety from the interpollination 
of 8 clones which produced polycross progeny of good 
purity. 

992] HL - Triploid hybrid from McFarlane (see Part VII of 1960 
Report). 

9921 H2 - Triploid hybrid from McFarlane (see Part VII of 1960 


Report). 
SP 6046-01 - Triploid (SL 122MS 22 x SP 5730)0-0 mm 42) 
SP 6046-02 - Triploid (SP 5720-05 WA 22 X SP 5730)0-0 MM 2) 
SP 6047-01 - Triploid (SL 122MS 22 x uS 01 2) 
SP 607-02 - Triploid (SP 5720-0), WA 22 x US 01 )\") 
SP 6048-01 - Diploid (SL 122 MS X US 01) 
SP 608-02 + Diploid (SP -5720-0l WA X US 01) 


SP 6049-01 - Diploid (SL 122MS X SP 6052-01 MM) 
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SP 6056-0 


Synthetic variety from interpollination of selfed progeny 
of plants producing polycross progeny of high purity. 


SP 603103-01 


Increase of SP 5730)0-0 2 multigerm. 


SP 60106-01 

SP 60109-01 F_ monogerm lines derived from crossing of leaf spot- 

SP 60113-01 = black root resistant monogerm lines X leaf spot- 

SP 60114-01 curly top resistant multigerm lines. 

SP 60115-01 

SP 59B18-0 - 02 clone X 7 clones of US 01. 

SP 59B18-01 - 7 clones of US 01 interpollinated and receiving some 
pollen from 02 clone. 

SP S6AB1-)5 = 02 clone X SP 56ABl1 = polycross. 


SL 122MS mm X SP 560-0 MM 
- Commercial monogerm hybrid. 


SP 581-0 - A phase of US 01. 
SL 122MS mm X EL )2 
- EL 2 is multigerm with black root and leaf spot 
resistance. Developed by H. L. Kohls as a 
subline from his No. 35. 


NBl X EL 2 - NB developed by J. S. McFarlane. 
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Leaf Spot Readings at Beltsville, Md. in 1961 


Leaf Spot 
Variety & Nescription Reading 


Aug. 1 Aug.) 2 


VARIETIES IN EASTERN FIELD TRIALS 





SF 60U5-0 mm synthetic from selfed seed. HG 5.3 
SP 6019-01 0.F. mm recovered from Backcross 3 Pe NOS 
SP 60195-01 " 4 " I! M 3-2 4.0 
SF 60196-07 "ot"! " : s 4.0 5.0 
SL 122 MS mm X EL 42 MM ued poh 
NB 1 MS MM X EL 42 MM 363 05 
SL 122 MS mm X SP 5460-0 502 5-5 
SP 5431-0 MM 4.3 Sel 
CTR-LSR VARIETIES IN FIELD TRIALS 
Ace 2270 SL122 MS mm X SF peaks? MM 40g 5.8 
Acc 2271 SL 122 MS x (st 114 x 601) X UI 13) M3. BS 
Ace 2272 OT 9 ME X US 22/3 5.1 er? 
Ace 2273 SP.6051-0 MM 3.1 6 
Acc 2271 SF 60100-00 0.P. mn recovered from Backcross ole 650 
Ace 2286 SL 122 MS mm X SP 5460-0 MM Ug 5S 
Acc 2383 5el 6.0 
SP 521813-00 MM 3.1 4.4 
CHECKS 
U.S. 201 2.0 2.0 
Ace. 2269 Susceptible Check 5.8 6.3 
VARIETIES IN EAS? LANSING AND MERRILL NURSERIES 
WeC. O463 SF 591103-0 mm (PI 254575 from Russia) 5.0 6.4 
W.C,. OU65 SP 5925-0 nm 4.1 4.9 
SP 56ABL-45 MM 3.5 45 
SF 59B18-0 2 00 00 MM clone X U.S. Ol (7 selected plants) 3.2 4.0 
SP 59B15-01 U.S. 401(7 selected plants) X 02 00 00 MM clone 32° UG 
9921H1 5 lie oe? 
9921H2 Sate? 
SF 5937-0 mm synthetic from clones 4.3 48 
SP §046-01 SL 122 MB mn X SF 603103-01 ln MM 3.3 4,3 
SF 6046-02 SF 5720-01 YA X SP 603103-01 Yn MM 303 uO 
SP 6047-01 SL 122 MS mn X U.S. 401 bn 4.6 5.2 
SF 6047-02 SF 5720-0) mm WAX U.3. "01 Un 4.9 55.0 
SP 60US-01 SL 122 MS mn X U.S. 401 45 5.5 
SF €043-02 SF 5720-01 WA mm X U.S. 4o1 5 Omer iae 
SF 6049-01 SL 122 MS mm X SP 6052-01 MM Inbred u.3 5.2) 
SP 6056-0 MM synthetic from selfed Fegs 305 3.8 
SF 6059-0 MM " HL? 3.9 h.6 
SF 60106-01 0.F. mm recovered fron Backcross 4.0 5.0 
SF 60109-01 " " " " " 4.0 ug 
SF 60113-01 " " i" " " 4.0 4.8 
SF 60114-01 " it " iW rT} 3.5 ug 
SF 60115-01 ft it tt i" 4.0 50 
SP 603103-0] Un MM (Inbred from SF 560-0) 5 Ow 0528 


» os 


Summary of Latin Square experiments conducted by U.S.D.A., Year: 1961 


F., and M. Beet Sugar Association and member Companies. Eight experiments 
analyzed and tested with Variety X Location interaction (except only six 


expts. analyzed for % purity as no data available for the two expts. from 
Canada), 


Locations: Ridgetown and Chatham, Ontario; Sebewaing, Croswell, Kawkawlin, 
and Bay City, Michigan; Pandora, Ohio; and Chilton, Wisconsin. 











Acre-Yield : CAyngs 
: : 7 : : Beets we 
Variety or Seed Number E Gross’: : : per Loo" AA 
: Sugar: Roots _: Sucrose: Purity i dftrow 4 
: Pounds : Tons : Percent : Percent : Number 
S.P.6045-0 (mm) : S25305 Ht 917,190 Oe 15.306-S° > 83401 SY: 188.1 
S.P.60194-O01 (mm) ; 6089 73.32 , 194224 3) 15.874 $4 eB I 922 3 998.0 F2 
S.P.60195-01 (mm) ; 5995.15: 18,849 9: \ 15.946 > ©683.683 :. 694.3 q4] 
S.P,60196-01 (mm) uf) Boone L eee . 1lOe 190, Ws 216 O90 av: 2. 835970. i: 796.5 §7 
S8.L.122MS X E,L.42 (Mm) : 6027.8 Fs * 19,240 2 PS 710 i ~83,443-4. +: 88.0 
NB 1 X E,L.42 (MM) : 6496.8 €: 20.9200: 15.574 ease O77 3. 87,5 
S.L.122MS X 5460-0 (Mm) i D) L be eine OL tent eS. Gl eee OTR I 707 : 94.3 
§ 5 P, s4hi<0 a : 4( ; : 
General Mean : A957 so 18.888 : 15.763 : 83.678 2 49059 
S.,E, Var. Mean é 96.75) toG'0s3080 thy» 050868 t gereO. 2333 1.48 
S,E, Var, Mean as % Gen, Mean: £3637 2463 pe 0755 eet Used 1,61 
Diff. for sig. (19:1) : 274.7: 0.874 : 0.246 ; NS Fro 4,2 
(99:1) : 36624 =: Ls LOO ss 0.328 : NS Poe 
Variety X Location Analysis Variance Table 
roD/F 
: : Mean Squares 
> Se : s : : Beets 
Source of Variation Sey eae Gross : Roots : Sucrose :- Purity : per 100° 
big acc a eee ek ent OOM. 
Between Locations se 73 (9,790 870 +: SETA O251L Ss 6.2211 : 45.8614 : 872 
Between Varieties : te 72 1,030,094 7: OO) Ut 0.4686 : CO. 2505 15s 104 
Varieties X Locations :35:49: 74,878 : O87 5S20ak: 0.0601 : 0.3264 ; 17 


Total RET MS : : : : 
Calculated F value :7/35:7/49: 13.76**: 12,98%* ; 7.79%* ‘ 0.80 NS : 5. 94x 
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AGRONOMIC EVALUATION TEST - 1961 


Conducted by: M. R. Berrett 
Location: Harold Gremel farm, Sebewaing, Mich. 
Cooperation: F. & M, Sugar Association, Michigan Sugar Co. 


Date of Planting: April 13, 1961 
Date of Harvest: October 27, 1961 


Experimental Design: 8 x 8 Latin Square 


Size of Plots: 6 rows x 28 feet, 28 inches between rows 


Harvested Area per Plot for Root Yield: 4 rows x 26 feet 


Samples for Sucrose Determination: 2 samples of 8 beets each, 
selected at random. 


Stand Counts: Harvested beets counted when weighed 
Recent Field History: 1960 Beans 250# 6-24.12 


1959 Corn 3004 6-24-12 
1958 Hay 


Fertilization of Beet Crop: 800# 6-24-12 


Black Root Exposure: Slight 
Leaf Spot Exposure: Moderate 


Other Diseases and Pests: None 


Soil and Seasonal Conditions: Moist seedbed, generally good growing 
conditions throughout the season. 


Reliability of Test: Good 
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Cooperator: F, and M, Beet Sugar Association, Michigan Sugar Company. Year: 1961 
Location: Harold Gremel farm, Sebewaing, Michigan. RPL . me Le 


(Results given as 8 plot averages) 








Acre-Yield : Beets 

Variety and Description : Gross. : : : : per 100' : Leaf 

: Pounds : Tons : Percent : Percent : Number : Rating 
S.P.6045-0 (mm) % 6997 % s 29,4182" “1A 95 984 2S 7a * 81 [of 320% 
S.P.60194-01 (mm) f (Sl A.ge a ota wate ee, UL St 87 vars O 
S.P.60195=01 (mm) : 77355 : 24.855) 15959 2.82 ° s206e40 : 84 fo 18 
5.P,60196-01 (mm) i 7827 moet 24. 9 Ge Leo? beet 82.55 are 91 re bo 
S.L.122MS X E.L.42 (Mm) 2 7968.40: “26. 3625ietl nt? Be s2  S1568 3 81 Sed ee 
NB 1 X E.L.42 (MM) t 8809 f ? =29758 Ro 14491 Ser 20, pat 85 TO 
S.L.122MS X 5460-0 (Mm) See OD eae 25 sc oe eed oO le tomo 1.63 : 85 4.8 
S.P.5481-0 (MM) LALO GO? Aes tae Ce Iw a? ben eke AY hy 82 Zr 
General Mean ee i 2 oy 2S 42 eee le 26 Semae On : 84 eee op 
S.E. Var. Mean Se 2LOTG. aee so O Hee SOG sera ao 5 : 27 : 0,20 
S.E. Var, Mean as % Gen, Mean: 2 tT Dae 2eoeue els : 0.54 : 3.19 2 833 
Diff. for Sig. (odde 19:1)’ .: 602 ito I 68. Seay, Sirens ie ie : NS 0.6 
Latin Square Analysis Variance Table 

: : Mean Squares ees 
Source of Variation : D/F: : : : : Beets : 
‘ -* Grose ; : : per 100' : Leaf 

: Sugar :_ Roots =: Sucrose : Purity.: of row : Spot 
Between rows ees) 1 plat 29.609 - e227 30Ne tO CAGB SS >: 1,14 
Between columns s70 Tas BLOM ae as Oe 853 See, ODD. a LOG 25 O72 
Between varieties Dat 2, 20ksoo2t 29.1 enee. ele BUS S4 es 90 : 9,86 
Remainder - Error hes 355 70an 1 1 eelGa -: 259 taboo 58 O30 

1 ; oes : : 


6 .34*%*; 10, 49%* : 3,91%* NS 
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AGRONOMIC EVALUATION TEST = 1961 


Conducted by: M. R, Berrett. 
Location: Herman Gies farm, Kawkawlin, Michigan, 
Cooperation: F. and M, Beet Sugar Association, Monitor Sugar Division. 


Date of Planting: May 11, 1961. 





Date of Harvest: October 23, 1961. 


Experimental Design: 8 x 8 Latin Square, 


Size of Plots: 6 rows x 28 feet, 28 inches between rows. 


Harvested Area per Plot for Root Yield: 4 rows x 26 feet, 
Samples for Sucrose Determination: 2 samples of 10 beets each, 


selected at random. 
Stand Counts: Harvested beets counted when weighed, 
Recent Field History: 1960 Beans 250# 6-24-12 


1959 Beans 250# 6-24-12 
1958 Wheat 300# 6-24-12 


Fertilization of Beet Crop: 600# 5-20-10 
Black Root Exposure: Slight. , 
Leaf Spot Exposure: Moderate. 


Other Diseases and Pests: None, 





Soil and Seasonal Conditions: Moist “rye popcrat ty good 
growing conditions throughout the season. 


Reliability of Test: Good, 


ee 





Cooperator: F, and M, Beet Sugar Association, Monitor Sugar Division. Year: 1961 
Location: Herman Gies farm, Kawkawlin, Michigan. Expt; 5 
(Results piven as 8 plot averages) 
Acre-Yield ‘i : : Beets 
Variety and Description Gross : : : : per 100° 
: Sugar : Roots : Sucrose : Purity : of row, 
> Pounds ; Tons «, Percent Percent  ; Number 
S.P.6045-0 (mm) 4599 14,44 » 15.91% 8755365 94 
S.P.60194-01 (mm) 5476 ° 16.354 : 16.70 87,17 ° 94 
S.P.60195-01 (mm) 5515 4 T6426 ae 17.09 } 88.13 1 96 
S.P.60196-01 (mm) 5327 | 15.68 | 16.98" 87.325 97 
S.L.122MS X B.L.42 (Mm) 5556 4 16.62 ° 16.69 ™ 86.65 © 90 
NB 1 X E.L.42 (MM) 6369 } 18.89} : 16.85% 88.54 |} 91 
S.L.122MS X 5460-0 © (Mm) 5179 9 bs 20CKs 4 16.99 2 87.62 © 99 
S.P.5481~-0 (MM) aiod a 17 LBS 16.78° 88.03 96 
General Mean Deb ee, L623.) 16.75 87.60 95 
S.E, Var. Mean 164.4 3476 2361 4684 2.8 
S.E. Var. Mean as % Gen. Mean: 3.00 2,13 1.41 0.53 2.95 
Diff. for Sig. (odds 19:1) 469 0.99 0.67 NS NS 


Latin Square Analysis 





Source of Variation 


Between rows 
Between columns 
Between varieties 
Remainder - Error 
Total 

Calculated F. value 


Variance Table 


Mean Squares 


pce ca tte me eae alr perpen eaten eee eesanteom 





: D/F : Beets 

: Gross : : : : per 100' 
: Sugar : Roots : Sucrose Purity : of row 

12 236,250 B41 605 1.697 183 

el 7 620,176 Sy472 453 1.673 348 

on? ew Se 22543820 14.483 1.092 2.677 71 

t 42 .3 216,260 967 446 755 62 

SO 3. ers 

siiGee: 9.32%* 14.98** 2.45* NS NS 
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AGRONOMIC EVALUATION TEST ~ 1961 


Conducted by: M. R. Berrett 
Location: Victor Beslaer farm, Essexville, Mich. 
Cooperation: F. & M. Beet Sugar Association, Monitor Sugar Division 


Date of Planting: April 20, 1961 
Date of Harvest: October 17, L961 


Experimental Design: 8 x 8 Latin Square 

Size of Plots: 6 rows x 28 feet, 28 inches between rows 
Harvested Area per Plot for Root Yield: 4 rows x 26 feet 
Samples for Sucrose Determination: 2 samples of 10 beets each, 


selected at random. 
Stand Counts: Harvested beets counted when weighed 


Recent Field History: 1960 Beans 3007 416-16 
1959 Corn 500K 3-12-12 


Fertilization of Beet Crop: 400# 0-20-20 broadcast 
550# 4-16-16 banded 


Black Root Exposure: Slight 
Leaf Spot Exposure: Moderate 


Other Diseases and Pests: None 


Soil _ and Seasonal Conditions: Moist seedbed. Generally good 
growing conditions throughout the season. 


Reliability of Test: Good 
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Cooperator: F, and M, Beet Sugar Association, Monitor Sugar Division, Year: 1961 


Location: Victor Beslaer farm, Essexville, Michigan. _ Expt: 6 


Results given as 8 plot averages 











Acre-Yield : t : Beetd 

Variety and Description : Gross : per. 100' : Leaf 

: Sugar Roots Sucrose aehcity of row : Spot 

: Pounds : Tons : Percent : Percent : Number : Rating 

S.P.6045-0 (mm) i, 55268 .: 18,4695) (14,74.% 5) 84,612 02 2 O71 : 2,9 
S.P.60194-01 (mm) > 6719 & 3° 21,695! 215,404 : 84,13-3:~-1006 is 
§.P.60195-01 (mm) 1 O06 wm at. 22. 0) ee aes ee tee Ue 97 1.5 
S.P.60196-01 (mm) $ 6939 Sz Ole: 16,05 f $7 1baet ok UL 1.6 
S.L.122MS X E.L.42 (Mm) th -O9 295356 2250) 005 15. 2) 5) 5648556) Git 92 Pras 
aa it X E.L.42 (MM) HS 763209 7 253554) PS 14,9477 80825958 °s 91 aL eG 
5.L.122MS X 5460-0 (Mm) 7 *6520gG a 2 34e os el oes ta Oa O as 96 ee A 
S.P.5481-0 (MM) 296661 £121.83 4° 15,19 54 83380 a9 ts 89 fot .c 





General Mean 1 -O/48" ot 22,01 thee te Cee ee eee ane 
SE, Var. Mean 7 S00 Auer 7s] uae ket 6G st 6785 a Coke te 388 
S.E., Var. Mean as % Gen.Mem :; AG4o, 8 eo wae ke 1.81 : 0,80 Ln be OO : 10.37 
Diff. for Sig. (odds 19:1) : 857 i) Ses; NS s\ SNS : 7 eer 
Latin Square Analysis Variance Table 





oe ee 


eo ea Sa re ee 


Source of Variation D/P as i : ; : : Beets 


Gross : : : : per 100" ;: Leaf 

: Sugar Roots Sucrose : Purity : s Spot 

Between rows : 7.: 3,083, 31428888 .870 2 raal Ju bear Ones 68 ta 1.00 
Between columns mere Le LS. SSO man 2 32 ome OO Seely < vii y 5 7A! 
Between varieties Tint 2,542,200 $290,089 48 Lyon $4281 4! o thOL a0 8,29 
Remainder - Error e aeus 722,093: 4,359: 613 i™o,Oes0-. 47 ree 041 


Calculated F, value 27/42: Sara 7 Uon ss UNS ee Noe tn a, Owe To age 


wroce 


AGRONOMIC EVALUATION TEST —1961 


Conducted by: M. R. Berrett 
Location: Reed Gordon farm, Croswell, Mich. 
Cooperation: F. & M. Beet Sugar Association, Michigan Sugar Co. 


Date of Planting: May 23, 1961 
Date of Harvest: October 14, 1961 


Experimental Design: 8 x 8 Latin Square 


Size of Plots: 6 rows x 28 feet, 28 inches between rows 


Harvested Area per Plot for Root Yield: 4 rows x 26 feet 


samples for Sucrose Determination: 2 samples of 10 beets each, 
selected at random 


Stand Counts: Harvested beets counted when weighed 
Recent Field History: 1960 Pasture 10 tons manure/acre 


1959 Hay No fertilizer 
1958 Oats 2504 6-24.12 


Fertilization of Beet Crop: 500f 6-24-12 
Black Root Exposure: Slight 
Leaf Spot Exposure: None 


Other Diseases and Pests: None 


Soil and Seasonal Conditions: Moist seed bed. Generally good 
growing conditions throughout the season. 


Reliability of Test: Fair 
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Cooperator: F, and M, Beet Sugar Association, Michigan Sugar Company. Year: 1961 
Location: Reed Gordon farm, Croswell, Michigan, Expt: 4 


(Results given as 8 plot averages) 

















‘ Acre-Yield : $ $ Beets 

Variety and Description : Gross ; : $ Ree > per 100° 
Sugar Roots $ Sucrose : Purity $ of row 

: Pounds— : Tons : Percent : Percent : Number 
S.P.6045-0 (mm) { PNGOS LO tone 43483 0 te 14/25 7 ¥3 80.95 4 : 80 
S.P.60194-01 (mm) H 45642 : 15.40 2 : 14.82 2 : 81.94 | : 86 
§.P.60195-01 (mm) r 4240 * : 14.82: de t 147356? 80.40 © : 84 
S.P.60196-01 (mm) 1 24486. 2 TH AG-15 Oe te 14.79 3 : 80.776 : 85 
8.L.122MS X E.L.42 (Mm) : 4296 © ; 14.88 4 : 14.45 & : Gilt LO oer 84 
NB 1 X E.L.42 (MM) : 3994 {+ 14,60.6 3 13.73 9 : PGS) sions 78 
8.L.122MS X 5460-0 (Mm) 4163 4» : 13.75% T5 FU4 ShF ae iO sent 85 
Ser - 5481-0 (MM) : 4725 | : Gc cee 14,453 ¢. 3 80,88 : 89 
General Mean 3 4294 : 14.84 t 14.50 : 80.91 ; 84 
S.E,. Var, Mean : 141.4 : 34571 : . 1670 : .6054 : 322 
S.E,. Var, Mean as % Gen. Mean: 3,29 : 3.08 : ars : 0.75 : 3.18 
Diff. for Sig. (odds 19:1) : 404 ; 130 et 0.47 : NS ; NS 
Latin Square Analysis Variance Table 

: ; Mean Squares 
Source of Variation 4.D/ Fa: : 3 : : Beets 
: Gross : Roots : Sucrose : Purity : per 100' 

Sugar : $ : ? of row 
Between rows 7 GO7Sau2a one roe : 1,037 Bro/leus 213 
Between columns d 7° T792605684°°8: 8.343 . 2.341 ; 1387.76" 3 133 
Between varieties ; TESS 9AY 63 100s 5.790 t 1515 : 4,496 : 92 
a rans - Error sree: eL60:035 1: 1.672 : 223 : 25932. 5 81 


Paaate ted_F, value rn shisees 3.46% : 6,79%* : NS : NS 


oy = 


AGRONOMIC EVALUATION TEST 4 1961 


Conducted byt G. J. Hogaboam, H. W. Bockstahler,. 

Location: M. S. U. farm, East Lansing,Michigan, North Nursery. 
Cooperation : Michigan Agricultural Experiment Statien- Farm Crops Dept. 
Date of Planting : May 17,1961. Presemergance spray TCA & Endethal,5-19. 
Date of Harvest : October 24, 1961. Hand topped. 


Experimental Design : Letin Square 8 x 8 and Rectangular Lattice § x 6 
(30 vars.) with 6 replications. Both tests in 
same field. 


Size of Plots : 8 rows x 20 feet. 28" between rows. — 
Harvested Area per Plot for Root Yield 3: 6 rows x 20 feet. Hand topped. 


Samples for Sucrose Determination : All beets in Row 2 ef each plet 

tdi nk ena on a nee ec bakenre ror: sample. 1s All beste sis 
Row 6 taken for sample 2. (See 
note under Leef Spot Exposure). 


Stand Counts : Harvested beets counted when weighed. 


Recent Field History : Continuous beets (agronomic evaluation tests) 
since 1958. 1000# 12-12-12 plowed down. 


Fertilization of Beet Crop : For 1961 crop- 1000# 12-12-12. 
_ Previous crops= 1000# 5-20-20. 


Black Root Exposure : Moderate. Infected sorghum seed inoculum 
applied with beet seed at planting (second year). 


Leaf Spot Exposure : Rows 1 and 2 of each plot inoculated with powdered 
beet leaf inoculum applied August 1 with knapsack 
hand duster. Infection spread to the remainder of 
the plot. Leaf spot readings were made September 29 
showing an overall average rating of about 4. 


Soil and Seasonal Conditions : Fall plowed, land leveled and spring-tooth 
harrowed in spring before planting. 
Adequate rainfall during growing season. 


Reliability of Test : Fair to Good. Minor. stand and yield adjustments 
were made on several plots due to cultivator, 
rhizoctonia, and water damage. 


Say 


Cooperator: Michigan Agricultural Expt. Station-Farm Crops Dept. Year: 1961 
Location: East Lansing, Michigan, M,S.U. Farm, North Nursery Expt: 10 


(Results given as 8 plot averages) 





: Acre-Yield : : : Beets : 
Variety and Description  Grosg. 33 3 ; : t per 100’ : Leaf 

: Sugar : Roots : Sucrose : Purity : of row :_ Spot 

: Pounds : Tons _: Percent : Percent : Number : Rating 
S.P.6045-0 (mm) : 2904 6 § 11,507: *412.44 m+ 18°82,95. 39-90, fl. 3.6 
S.P.60194-01 (mm) VesUi ee etek? los eet Oly laid the te ae 
S.P.60195-01 (mm) « 2980 4 3 11.85 Bats 12740 Sac 80.78 7 : 90 BG Dak 
S.P.60196-01 (mm) + 2049 df 911.79 er © 12,68 Fs tn 80.43 y : 90 F eae 
$.L.122MS X E.L.42 (Mm) : - 3083} toL216 2¢)) 12.61 24s 82,1048 : 89 ie 340 
NB 1 X E.L.42 (MM) Pi 2idt moor Lisa ee LLe8o 8 jeaGc.poe 92 3.6 
$.L.122MS X 5460-0 (Mm) 5. GO? Me balk. Oe O cebu eae te len Se.a0.2au 93 4.8 
$.P.5481-0 (MM) : 29535 : 11.715: 12.495: 80.904 2 86 3.5 
mew NS hl a leer seer eee renninsgienaceartooncaomraare 
General Mean 2930 ‘OPA tee kage ee OLE Or ; 90 ee: 
‘S.E, Var, Mean Be 191.6" -: .4529 se 34530 oar, Graky, : 2.6 0.17 
S.E. Var. Mean as % Gen. Mean: Get y taReOD Os nO). 8 20324 2,84 4,72 
Seana een ee ica nants cc ied Ai entice em 
Diff. for Sig. (odds 19:1) : NSoe se NSaews NS : NS : NS 0s 
oe ee prceeet eeaee reene ne 
Latin Square Analysis Variance Table 
en 

$ t Mean Squares 
Source of Variation DiS as : : : Beets : 
; Gross”: ; : : per 100' : Leaf 

: Sugar : Roots : Sucrose : Purity : of row > Spot 
Between rows EP ey ma Mas be BBY Ie ly De IR Pigs Be ge ae Wg 118 cee 
Between columns ca. hea ® B20 470 2.000 «Ont dteesntne eb tO: 50 == 0G 
Between varieties igs 143,904 : 1.069. 7 LG eS OLE ©; 41: 2°12 93 
Remainder - Error 42 209 659. . 2. 6plety, 1, 642. “ea? 71t, 3 53 Se ei 


Total a6 5s 5 ‘ : : $ : 
Calculated F Se ae epee oes NS ' NS: NS . NS , NS : §8,76** 
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AGRONOMIC EVALUATION TEST - 1961 


Conducted by: M. R. Berrett 
Location: George Schwarz farm, Chilton, Wisconsin. 
Cooperation: F. & M. Beet Sugar Association, Menominee Sugar Company 


Date of Planting: May 13, 1961 
Date of Harvest: October 20, 1961 


Experimental Design: 8 x 8 Latin Square 
Size of Plots: 6 rows x 28 feet, 24 inches between rows 
Harvested Area per Plot for Root Yield: 4 rows x 26 feet 


Samples for Sucrose Determination: 2 samples of 8 beets each, 
selected .at random 


Stand Counts: Harvested beets counted when weighed 
Recent Field History: 1960 Sweet corn 8 tons/acre barnyard manure 


1959 Alfalfa No fertilizer 
1958 Alfalfa No fertilizer 


Fertilization of Beet Crop: 200# 416-16 (8% Boron) 


Black Root Exposure: None 
Leaf spot Exposure: None 
Other Diseases and Pests: None 


Soil and Seasonal Conditions: Moist seedbed, generally good growing 
conditions throughou e season. 


Reliability of Test: Fair 
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Cooperator: F, and M, Beet Sugar Association, Menominee Sugar Company. Year: 1961 





Location: George Schwarz farm, Chilton, Wisconsin. Dikept: 7 


(Results given as 8 plot averages) 





; Acre-Yield : : : Beets 
Variety and Description : Gross $ : : : per 100° 
> Sugar : Roots : Sucrose $ Purity : of row 
Pounds : Tons : Percent ; Percent : Number 
S.P.6045-0 (mm) : 5023 % 241g 16.55 $ ; BaMs2g™: 106 
S.P.60194-01 (mm) : 5866% 2 2: L7E24ie : 17703. : 85.31 2.: 116 
S.P.60195-01 (mm) : 5504 Go: 16.266 © 16.91 7 2+ 84.865 :. 121 
§.P.60196-01 (mm) ; 520504 Fe 152i T7t1led t Bapl ss § 115 
S,L.122MS X E.L,42 (Mm) ; 5658 4 Be 16,87 BAR: 16.78 ;: 84.81 & : 99 
NB 1 X E.L.42 (MM) : 6082 | 18-3) 398 et 16.88 © : 85.76 7 : 93 
§.L.122MS X 5460-0 (Mm) : 5594 5S: 164345 « 17.16 | : 84.75 7: 117 
S.P.5481-0 (MM) : 5660 © : 16.80 YH: 16.83 ? 84:95 4 3 110 
erp ete ne eR 
General Mean ' 5574 Pr 16.40 : 16.91 : 85.02 : 109 
eR 
S.E, Var Mean : 163.4 > 4204 : L225 : 3690 . 207 
S.E. Var, Mean as % Gen. Mean: 2.93 ; 24 3 ; Oviz : 0.43 2 2.48 


pe eS SS Se ee 
Diff. for Sig. (odds 19:1) : 466 ; 1,20 : 0.35 : NS $ 8 


en et Ne Re cep a ce LL 
Latin Square Analysis Variance Table 
err a Re ee ee a aE a) ake ae 


Mean Squares ee 


Source of Variation iD/E xs : at : : Beets 
; Gross : : : : per 100' 
; Sugar : Roots Sucrose ; Purity » Of row 
Between rows ew | Legooeacooe 12993 es 459 : 426 : 447 
Between columns St cles 7104 / 29% 8 330i: 350 : raslinkd ; 159 
Between varieties — Sh fas 917,090": TasiOT 389 : 110 : 759 
Remainder - Error acd ae Bilas OOom: i We 120 : 1,089 : 60 
Total 7° 6353 
Calculated F. value : 4 29%**; Si2iae 3,24%* ; NS Sieel eros: 
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AGRONOMIC EVALUATION TEST - 1961 


Conducted by: M. R. Berrett 

Location: Louis Risser farm, Pandora, Ohio 

Cooperation: F. & M. Beet Sugar Association, Buckeye Sugars, Inc. 
Date of Planting: May 19, 1961 

Date of Harvest: October 25, 1961 

Experimental Design: 8x 8 Latin Square 

Size of Plots: 6 rows x 28 feet, 28 inches between rows 

Harvested Area per Plot for Root Yield: 4 rows x 26 feet 


samples for Sucrose Determination: 2 samples of 10 beets each, 
selected at random. . 


Stand Counts: Harvested beets counted when weighed 





Recent Field History: 1960 Wheat 2007 8-8-8 & 200% 618-6 
1959 Soybeans None 


1958 Corn 325# 6-18-6 + 1554 N 
Fertilization of Beet Crop: 1024 of N plowed down 
450% 60% potash plowed down 
4oo# 824-0 banded at planting time 


Black Root Exposure: Slight 





Leaf Spot Exposure: Slight 


Ee 


Other Diseases and Pests: None 


50il and Seasonal Conditions: Moist seedbed. Generally good 


growing conditions throughout the season. 


Reliability of Tests: Fair 
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Cooperator: F, and M, Beet Sugar Association, Buckeye Sugar, Incorporated. Year: 1961 
Location: Louis Risser farm, Pandora, Ohio. Expt: 2 


’ 


(Results given as 8 plot averages) 


Acre-Yield et : Beets 
Variety and Description Gross : : , ‘ : per 100' 
: Sugar : Roots ; Sucrose Purity ; of row 
Pounds Tons | Percent Percent : Number 
S.P.6045-0 (mm) 5214 % 16,01 * 16429) Sos 81.46 ¥ : 90 
S.P.60194-01 (mm) 5661 + 16.84 16;81 3° 3 82.97 $ 101 
S.P.60195-01 (mm) 5633 5 16.62 ° 163935" 2 82.61 6 : 99 
5 .P.60196-01 (mm) 5581 ¢ 16:29. 4.3 LT ate 1 ok O53, 4050 eae 106 
S.L.122MS X E.L.42 (Mm) 6000 = 18.05 5 3 16,64 5S: 82.81 4 102 
NB 1 X E.L.42 (MM) 6282 | 19.18 23 16.39 & 82.35 6 102 
§.L.122MS X 5640-0 (Mm) 5592 7 16.53 6 roreer 4 S551 5a 110 
S.P.5481-0 (MM) 2535005 19c47 3 16.23/54 82.13 7 107 
agen ae acts ncememgn detain er Lege oe eae ET aa npn aereteeeareareie apes ea auger ocean areas iene aoa 
General Mean 5770 17,435 16.64 82.59 : 102 
S.E, Var. Mean 148.5 4884 . 1849 . 4268 ‘ 3.8 
S.E., Var. Mean as % Gen: Mean: Zine : 2.81 Trl 0,52 : 3.73 
Diff. for Sig. (odds 19:1) 424 1.39 0.53 : NS : 11 


a 


Latin Square Analysis Variance Table 


i 


: Mean Squares 
Source of Variation ; : : : Beets 
Gross : : : per 100' 
: Sugar : Roots: Sucrose _: Purity : of row 
Between rows 287,167 : 1.444 378 1.565 51 
Between columns 795, 55 3nh aut Oy & 728 5.668 606 
Between varieties 17420, 40628 7 13.589 776 3,222 300 
Remainder - Error 176,476 : 1.908 Lis 1.457 116 
Total : 
Calculated F., value ; : 35%** : 72 26h or 2 : ‘ ek 












AGRONOMIC EVALUATION TEST, 1961 


Conducted by: R. C. Zielke, H. L. Bush, R. K. Oldemeyer and D. L. Sunderland 
Location: K. Krauss Farm, Findlay, Ohio 
Cooperation: Northern Ohio Sugar Company 


Date of Planting: May 5, 1961 
Date of Harvest: October 31, 1961 


Experimental Design: Triple Lattice 

Size of Plots: 6 rows x 22 feet planted (28 inch rows) 

Harvest Area per Plot for Root Yield: 6 rows x 18 feet 

Samples for Sucrose Determination: 2 samples per plot, each 1 row x 18 feet 


Stand Counts and Bolter Counts: Beets counted in laboratory for harvest stand. 
No bolters developed. 


Recent Field History: Red Clover Sod 


Fertilization of Beet Crop: 600 lbs. 10-20-10 per acre plowed down 
175 lbs. 6-24-12 per acre in row 


Leaf Spot Exposure: Moderate, rather late development 
Black Root Exposure: Moderate 
Curly Top Exposure: None noted 


Other Diseases: Rhizoctonia caused some loss in stand 


Soil and Seasonal Conditions: Normal growing conditions prevailed throughout 
the growing season. 
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Cooperator: Northern Ohio Sugar Company by Richard Zielke, H. Le suet 
R. K. Oldemeyer and D. L. Sunderland 


Location: K. Krauss Farm, Findlay, Ohio Year: 1961 


(Results given as 6 plot averages) 


Acre Yield Thin fe 





sugar Juice Beets 
ane App. Lear (a per 
Variety able‘® Gross Roots Sucrose Purity Spot 100 ft. 
(ibs.) (ibs.) (tons) (%) Oct. 16 (No.) 
SP5822=-0 6426 | 7518 23.06 1 16.30] 92.851 1.2! 95 
US4OL 6306) 74392 22.752 16.35 92.48 4 3.2 7 114 
SP60194-01 6137 ° 7232 21.854 16.553 92.533 2.2 ¥ lal 
SP5510-0 6051 © 72174 22.113 16.326. 92.009 .2.5 113 
SP60195-01 5983 ° 7062's 21.086 16.752 92.436 1.8 > 119 
SP60196-01 5879, 68797 20.457 16.821 92.822 2.5 © 117 
SP5481-0 58397 ~ 6951 b 22.2355 ° 16.374 “92.087 2.24. 113 
SL122MS x SP5460-0 5273 § 6229 19.55% 15.93% 92.455 4.0 102 
SP6045-0 5127 « 61144 19.25 4 «15.88 4-92.03 3 3.5 106 
General Mean‘? 5816 6874 20.97 16.39 9240 2.6 111 
S.E. Variety Mean(Sm) - 193.53 4694 02794 05380 - - 
Saf/Gen. M. (%) - 2.81 2024 one 0.58 - - 
LSD 5% pte 544(b Gh 1.37 0.79 eee % 
Variance Table\° 
Mean Squares 
Source of Variation DF Roots Sucrose Purit 
(tons) (%) (%) 
Replicates 5 4 4458 1.7480 4.4620 
Component (a) 9 Pi2i7e 26644 1.2656 
Component (b) 9 1.4760 -2578 25167 
Blocks (eliminating varieties) 1 1.8466 4611 20911 
Varieties (ignoring blocks) 15 7.5719 05553 1.7620 
Error (Intra-block) 57 1.3216(g = .4709 2.0030 
Error (Random Block) 2 1.4477 w4685(8 = -1.,736168 
Total 95 225725 : 05496 1.8837 
Calculated F Value eee NS NS 
(a, at (c See Page 112 . 
(a O = no evidence of disease, 10 = complete necrosis due to leaf spot 
(e Harvest stand 
(2 General mean for 16 varieties in test 


(g Error term used 
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AGRONOMIC EVALUATION TEST, 1961 


Conducted by: R. C. Zielke, H. Ll. way R. K. Oldemeyer and D. L. Sunderland 
Location: Glenn Haas Farm, Fremont, Ohio 7 
Cooperation: Northern Ohio Sugar Company 

Date of Planting: May 25, 1961 


Date of Harvest: November 7, 1961 


px poe ene Design: Triple Lattice 
Size of Plots: 6 rows x 22 feet Bis cA (30 inch rows) 


Harvest Area per Plot for Root Yield: 6 rows x 18 feet 
Samples for Sucrose Determination: 2 samples per plot, each 1 row x 18 feet 


Stand Counts and Bolter Counts: Beets counted in laboratory for harvest stand. 
No bolters developed. 


Recent Field History: Soybeans in 1960, fall planted to rye and spring plowed 
Fertilization of Beet Crop: 525 lbs. 12-12-12 per acre 


70 lbs. 46% treble superphosphate per acre 
Both fertilizers disced into soil before planting 


Leaf Spot Exposure: None 
Black Root Exposure: Very severe 
Curly Top Exposure: None noted 


Other Diseases: Rhizoctonia caused some loss in stand 


Soil and Seasonal Conditions: Soil moisture and temperature conditions were 


very conducive to black root following planting. 
Remainder of the season was normal. 
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Cooperator:_ Northern Ohio Sugar Company by Richard Zielke, H. L. Bush, 
R. K. Oldemeyer and D. L. Sunderland 


Location: Glenn Haas Farm, Fremont, Ohio 


(g Error term used 


Year: 1961 


(Results given as 9 plot averages) 


i 


Acre Yield Thin 
Sugar Juice 
necovers Appe 

Variety able\® Gross Roots Sucrose  Purit 

(lbs. ) (lbs.) (tons) (%) 

SP5510-0 3596 | 43951 13.83! 15.895 90.98 9 

SP5822-0 3542 2 41792 13.242 15.783 92.50 

SP5481-0 3338 3937 % 12.354 15.943 92.52 2 

US401 3334 41053 12.953 15.85% 90.68 9 

SP60194-01 3294 5 3914" 12.24" 15, 99* 92.19 

SP60196-01 3190 | 37077 11.6517 15.91% 93.19) 

SP6045~0 3078) = 3734 «11.676 16.00) 91.30) 

SP60195-01 2971 3620@ 11.448°° 15.827 91.117 

SLL22MS x SP5460-0 29054  3495% 11.21% 15.599 91.66° 

General Mean‘f 3206 3835 12.03 15.94 91.90 

S.E. Variety Mean(Sm) - 157 47 -5838 1709 o4460 

Sm/Gen. M (%) 4.11 3.96 1.07 0.49 

LSD 5% pt. no6(D 53h 3663. = 0049Ssd125 

Variance Table(¢ 
Mean Squares 
Source of Variance DF Roots Sucrose 
(tons) 

Replicates 8 9.6187 6363 
Component (a) 18 2.0048 04339 
Component (b) 1.9335 «1878 

Blocks (eliminating varieties) 27 1.9811 03519 

Varieties (ignoring blocks) 15 6.1261 05227 

Error (Intra-block) 93 2.0627 26298 

Error (Random Block) 120 2.04438 2829 

Total a5 2.8961 ©3278 

Calculated F Value 3.00** 1.99" 

(a, (b, (¢ SeePage 112 

(e Harvest stand 

(f General mean for 16 varieties in test 


Beets (@ 
per 
100 ft. 
No. 


85 
80 


95 
87 
88 
88 
8h 
85 
88 


85 


Purity 


1.6500 
1.7206 
1.4922 
1.6444 
4.7227 
1.8330 
1.750668 
2.0903 
2.6424 
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AGRONOMIC EVALUATION TEST, 1961 


Conducted by: R. CG. Zielke, H. L. Bush, R. Ka Oldemeyer and D. L. Sunderland 
Location; Glen Haas Farm, Fremont, Ohio 

Cooperation: Northern Ohio Sugar Company 

Date of Planting: May 25, 1961 

Date of Harvest: November 8, 1961 

Experimental Design: Randomized Complete Block 

Size of Plots: % rows x 22 feet planted (30 inch rows) 

Harvest Area per Plot for Root Yield: 3 rows x 18 feet 

Samples for Sucrose Determination: 2 samples per plet, each 1 row x 18 feet 


Stand Counts and Bolter Counts: Beets counted in laboratory for harvest stand. 
No bolters developed. 


Recent Field History: Soybeans in 1960, fall planted to rye and spring plowed 
Fertilization of Beet Crop: 525 lbs. 12-12-12 per acre | nf 


70 lbs. 46% treble superphosphate per acre 
Both fertilizers disced into the soil before planting 


Leaf Spot Exposure: None 
Black Root Exposure: Very severe 
Curly Top Exposure: None noted 


Other Diseases: Rhizoctonia caused some loss in stand. 


Soil and Seasonal Conditions: Soil moisture and temperature conditions were very 
conducive to black root following planting. 
Remainder of the season was normal. 
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Cooperator: Northern Ohio Sugar Company by Richard Zielke, H. L. Soe, 
R. Ke. Oldemeyer and D. L. Sunderland 


Location: Glen Haas Farm, Fremont, Ohio Year: 1961 


(Results given as 6 plot averages) 





Acre Yield Thin 
Sugar Juice Beets(@ 
Be App. per 
Variety able‘® Gross Roots Sucrose Purit 100 ft. 
(lbs.) (ibs.) (tons) (%) No. 
SP6059-0 3673 | 4298' 13.33) 16.12 2 92.872 90 
SP5481-0 ~S16L2 356742 11.592 164332 93.18! 92 
SP5937-0 2897 = 3399 2 10.51 3 16.171 92.75 3 70 
General Mean‘! 3362 3946 12.12 16.28 92.70 83 
S.E. Variety Mean(Sm) - 243.50 ©7194 02738 04993 - 
Sm/Gen. M. (%) (b 6.17 5.94 1.68 0.54 - 
LSD 5% pt. 595 699 2.07 0.79 1.43 ~ 
Variance Table ‘° 
Mean Squares 
Source of Variance DF Roots Sucrose Purit 
(tons) (%) (%) . 
Replicates 2 6.2126 -5240 2.4500 
Varieties 7 7 PASH 3957 1.7400 
Error 35 3.1036 4497 1.4949 
Total “47 4.1254 A481 1.6330 
Calculated F Value 2.50* NS NS 


(a, (b, (c See Page 112 
(e Harvest stand 
(f20 General mean for 8 varieties included in test 
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AGRONOMIC EVALUATION TEST, 1961 


Conducted by: R. C. Zielke, H. Le Bush, Rs K. Oldemeyer nd D. L. Sunderland 
Location: Paul Wise Farm, Old Fort, Ohio 

Cooperation: Northern Ohio Sugar Company 

Date of Planting: May 13, 1961 

Date of Harvest: November 1, 1961 

Experimental Design? Randomized Complete Block 

Size of Plots: 3 rows x 22 feet planted (30 inch rows) 

Harvest Area per Plot for Root Yield: 3 rows x 18 feet 

Samples for Sucrose Determination: 2 samples per plot, each 1 row x < 18 feet 


Stand Counts and Bolter Counts: Beets counted in laboratory for ROXYGES stand. 
No bolters developed. 


Recent Field History: Corn 


Fertilization of Beet Crop: 800 lbs. 12-12-12 plowed down in spring. 
: 200 lbs. 4-16-16 in row 
15 ton per acre manure applied before plowing 


Leaf Spot Exposure: Severe, rather late development 


Black Root Exposure? Moderate 
Curly Top Exposure: None noted 


Other Diseases: Rhizoctonia caused some loss in stand 


Soil and Seasonal Conditions: Normal growing conditions prevailed throughout 
the summer. 
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Cooperator: Northern Ohio Sugar Company by Richard Zielke, H. L. St 
R. K. Oldemeyer and D. L. Sunderland 


Location: Paul Wise Farm, Old Fort, Ohio Year: a 
(Results given as 6 plot averages) 


Acre Yield Thin 





. Sugar Juice ti Beets ‘° 
Recover~ Appe Leaf Spot per 

Variety able‘® Gross Roots Sucrose Purity Sept.10 Oct.19 100 ft. 

(lbs. ) (ibs. ) (tons) (%) No. 
SP6059-0 55441 6539! 21.84/ 14.971 92.57! 2.0! 4.2 129 
SP5481~0 51072 61192 20.562 14.887 91.88* 2.0! 4.2! 126 
SP5937-0 3975 48393 16.55% 14.623 91.233 267 5.0 LA7. 
General Mean‘ 5082 6027 19.93 15.10 92.28 2.0 4,2 126 
S.E. Variety Mean(Sm) - 241.60 .7186 .2639 4220 ~ - ~- 
Sm/Gen. M (%) - 4.01 3.61 1.75 0.46 - - - 
LSD 5% pt. 584(b €94 2.06 0.76 1.2L “ 2 : 

Variance Table(¢ 
Mean Squares 
Source of Variance DF Roots Sucrose Purit 
(tons) (%) (%) 

Replicates 5 29005 22820 05140 
Varieties a 4 O47 2.4200 3.2443 
Error a5 1.7598 4177 1.0683 
Total “a? 2.1981 -7015 1.3334 
Calculated F Value 5.29" 5.79** 3.04* 
(a, (b, (e See Page 112 
(a O = no evidence of disease, 10 = complete necrosis due to leaf spot 


(e Harvest stand 
Ct: General mean for 8 varieties included in test 


LEAF SPOT READINGS,* 1961 
OBSERVATION TEST, PAUL WISE FARM, OLD FORT, OHIO 


Sept. 18 Oct. 6 
ushol Dae 3i0 507 © 
SP5481~0 2.0 40 3 
SP5510-0 2i0=- 43 y 
SP5822-0 1.0 3.0 
SP60194-O1 (mm) | | “Le 4.3 0 
SP60195-01 (mm) 163 3S cage 
SP60196-O1 (mm) , 2.0 gnids 5 ale 
SL122 x SP5460-0, (mm) 3,0 5.0 / 


SP6045~-0 (mm) 2.0 5.0 


* Average of 3 replications 
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/ 4 
(a Recoverable Sugar 


A technique, whereby thin juice purity could be determined from 
small samples was first used in 1953, following methods developed in the 
G. W. Research Laboratory at Denver. Using the resultant purity figure, 
@ calculated "Recoverable Sugar" is obtained. An example of the calcu- 
lation is as follows: 


Sugar in beets = 12.00% 
Standard total losses = 0.30% 
Sugar on beets at sugar end = 12.00 - 0.30 = 11.70% 


Assume standard molasses purity = 62.5% 
100.0 - 62.5 = 37.5% Impurities on solids in molasses 


ae = 1.6667% Sugar on impurities in molasses 
Sugar sacked 

85% purity thin juice = 15% impurities 

3 = 17.6471% impurities on sugar 


Sugar end = 11.70 x 17.6471% = 2.06471% on beets . 
Molasses produced = 2.06471 x 1.66667 = 3.4413% on beets 
Sugar sacked = 12.00 = (0.30 + 3.4413) = 8.2587% 


Recoverable sugar = SeBOSe 68.82% 


(b Approximation - Calculated as percentage of "difference required for 


significance for "gross" sugar on basis of relationship: 
between general means for "Gross" and "Recoverable" sugar. 


(c Gross sugar calculated from the formula: 










2 in5«' Deere 
ean lbs. beet 


1/ This technique applies to experiments on pages 10), 106, 108, and 110. 


S lbs. sugar = Mean lbs. sugar 


=r lteee 


AGRONOMIC EVALUATION TEST - 1961 


Conducted by: C. E. Broadwell 

Location: C. & D. Sugar Co., Ltd. Dover farm 
Cooperation: Canada & Dominion Sugar Co., Ltd. 
Date of Planting: May 18, 1961 

Date of Harvest: October 18, 1961 

Experimental Design: 8 x 8 atin Square, Design #8 


Size of Plots: 6 rows x 28 feet, 24 inches between rows, 


planted with Planet Jr. 


Harvested Area per Plot for Root Yield: 4 rows x 28 feet, 
and toppe 


Samples for Sucrose Determination: 4 samples of 5 beets each from 


each plot, selected at random. 

Stand Counts: Harvested beets counted when weighed 
Recent Field History: Corn 

Fertilization of Beet Crop: 500/ 5-20-10 banded 
Blackroot Exposures Some 

Leaf Spot Exposure: In various degrees 

Other Diseases and Pests: None 


50il and Seasonal Conditions: Dry and a little rough when planted. 


Good moisture throughout the year. 
Reliability of Test: Fairly good 


- JiFSs 


Cooperator: Canada and Dominion Sugar Company, Limited. Year: 1961 
Location: C. and D, Sugar Company, Limited. Dover farm (Near Chatham, Ontario.) 
Expt: 8 


~ (Results given as 8 plot averages) 


5 Acre-Yield : : Beets 
Variety and Description : Gross : : ; : per 100' 
: : Sugar ; Roots : Sucrose : Purity : of row 
Pounds ~ . Tons ans Percent $ Percent : Number 
$.P.6045-0 (mm) : 4726 Tt. 19,58 © saenS6u : : 80 
S.P.60194-01 (mm) : 52435. s 167943: 15.455 : ; 84 
S.P.60195-01 (mm) : 5972 a. 16.7704: 15,731 : tie oe 
§.P.60196-01 (mm) : 5004 *: 16,036. 15.63 2 Sen : 84 
§.L,122MS X E.L.42 | (Mm) 5096 ; 162,72 oe 15,29 : ‘ 71 
NB 1 X E.L,42 (MM) : $362 8 1 fee? e109 aes fa 72 
S.L.122MS X 5460-0 (Mm) : 4545 : La; O0 eons 15.316 : : 73 
S.P.5481-0 (MM) : $330 Ares PP 22-2 ree Ts, 50M : pstc79 
aaa ae en eee a ee Nt Tn een See 
General Mean : . BO75-_. 3 16.42 saReaeune ‘Sey. 
CS ER Se ee are OTS SR Ee 9 eR RN Oe Sa rs Se en ane eer Sacer 
S.E. Var. Mean ~ 149.4 t .4839 : . 1059 ‘ $ Bil 
S.E. Var. Mean as % Gen. Mean: 2.94 $ 2.95 : 0.68" : $ 3.97 
re ET St TT 
Diff. for Sig. (odds 19:1) : 426 : Ded bic” os 0.30 : : 9 
cs absense te te man ite a A aE ae i Ba De hm i greta ass erent poeta 
Latin Square Analysis Variance Table 
re rnc CEE eo aaa i tie eet al rete eae ea emerreri ee 
: : Mean Squares 
Source of Variation :D/F : : : : : Beets 
; : Gross : : $ : per 100' 
: Sugar : Roots: Sucrose 5 Purity : of row 
Between rows 7 763,523 ¢ 3,903" 3 283 $ : 63 
Between columns Cae edute 450,447 : 5990 20's 303 : : 202 
Between varieties ye fp teo¢a es 5.964: 362 ee - 222 
Remainder - Error ey 178,505, -* LeS/Ss _ 90 : : 77 


Total 3 63 : ernst ere ee Pe, AEE Se 
Calculated F. value ST fha2t 4,06** : 3.18%* ;: 4. 04k* : 2. B6* 
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WESTERN ONTARIO AGRICULTURAL SCHOOL 
AGRONOMIC EVALUATION TEST 


1961 





Conducted by - W.W.Snow 

Location - Western Ontario Agricultural School, Ri dgetowd, Ont, 
Date of Planting - May 5, 1961 

Date of Harvest - October 11, 1961 

Experimental Design - 8 varieties, 8 replications Latin Square 


Size of Plots - 20 feet long, 24 inch rows, 3 row plots, planted with cone seeder, 


Harvested Area per Plot for Root Yield = 3 rows x 14 feet; hand harvested 
“~and topped. | ; 


Samples for Sucrose Determination - 2 samples of 5 beets each from plot, 


selected at random 


Stand Counts - Harvested beets counted when weighed 





Recent Field History - Oats 








Fertilization of Beet Crop - 60 lbs. N; 120 ibs. P905; 120 Lba. Ky0, 


Black Root Exposure - none 





Leaf Spot Exposure - Moderate 





Other Diseases and Pests = none 





Soil and Seasonal Conditions - Moist 


Reliability of Test - Excellent 





SUGAR BEET VARIETY TRIAL 
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W.0.A.S. 
thet + 
STRAIN CERCOSPORA NO,ROOTS/100' 
RATING OF ROW 
1, 8.P.6045-0 ere 92.6 
2. S.P.60194-01 3." oe 91.9 
3. S.P.60195-01 a° 3 91.4 
4, S.P.60196-01 4 ¢ 93.1 
Sy 6,,122. x EL.42 S84 85.4 
6. NB 1 x EL.42 yh, 0! 88.3 
7. 8.L,122 x S.P.5460-0 Tv 89,3 
8. S.P. 5481 ales 85.4 
Data and calculations furnished by courtesy of 


Western Ontario Agricultural School 
Ridgetown, Ontario 


196 
+ 


14.6 2 
ih Bye 
Las 
Sela 
ies 
15724 
15.4 § 


15,74 


% SUGAR YIELD,LBS./AC. YIELD,TONS/ACRE . 
(AVE,) 


SUGAR ROOTS 

(AVETV Ne =‘ (AVE.) 
6012 © | 20.6 » 
7373 2 2319 2: 
7056 2 22.8 3 
6361 | Qala 
6669 5 214508 
7424 | 24.3 | 
6607 4 21,554 
7053 * 2255 4 


LyS.D2 at 0,05 

level 1.6 
L.S.D. at 0,01 

level 2.1 


C,V, Sam 


aa 


Cooperator: Michigan Agricultural Experiment Station-Farm Crops Dept. Year:1961 


Location: M, S, U, farm, East Lansing, Michigan, North Nursery. © Expt: 11 
5 x 6 Rectangular Lattice Design - 6 repl, - Analyzed as Randomized Block 


(Results given as 6 plot averages) 














:__ Acre-Y¥ields $ : Beets « $ rf fi 
Variety and Description : Gross: : : : per 100' ¢ leaf SVtkngy 
: Sugar : Roots : Sucrose : Purity : of row i spot RAL ag 
: Pounds : Tons : Percent : Percent : Number > rating j 
WC 0465 : 3034 S229 tee LenS eee OU 2H, : 87 ero’ 
WC 0463 tee oe $ 10,44 : 8.16 Tas tee ;: 88 EO. 
S.P.6059-0 P92 Pe 12076 i 20 we ROy 4 ete ey : 3.3 — /00 
S.P.5937-0 W553055 gar 25 54° ohh 1208 nt 80.76 Buse 88 : 3.5 
9921H2 a 27/02 ens ,.00° %  dOin29 > 77,46 3 84 chad 
9921H1 ee ea 0) eu, COnes 9.60 Va o eG : 78 rn 
S.P.6046-01 eee OO - 13.0647: 11769 (eee CO Ohman: 88 4,0 
S.P.6046-02 » 9298iee 2x43 5124998. 9) 8114052 F585 :3.3— 7) 
S.P.6047-01 oe SO TM 213.4 lLIGt LiFaL a 90 9 meee 83 : 4,5 
8.P,6047-02 ae 2784 tel (a 5l ot 11697 ee eOav ae face So te 
8,P.6048-01 reeZog U2 eee ame Oey 2 ABU SSE s 93 wacs 
5.P,6048~-02 M2206 Seat Og / emer eee Ole ome O ; 95 sane cie 
S.P.6049-01 oe SU2SRS 7 SRIG 96:9" cL2G1S erate SORA SRISS 433 
$.P,60106-01 sere Ok Sete Ome seem 2 25 5 79.64 : 85 $74.0 
$.P,60109-01 Re 2685. **8)116275 <td 73 ote SOG te 85 + 4.0 
S.P.60113-01 : 2863 tLe Ieee te Se te EO ch Sano redee 
S.P.60114-01 pa 2462 eet al0.99ear ISOS. 8 70.37 89 15.48 
S.P.60115-01 Sine AL Secs LL Lee me / Gree O ; 91 TACs 
S$.P.603103-01 & 2544 LOMO gee Oy > 80.65 : 80 tid od 
5 .P,60G18xX03 eee io tes G2) ee 9.60 ood ; 90 : 4.3 
S.P,60G619K03 SS O29 PEG. 11 2) 910882 1 79586 : 83 : 4,2 
8.P.60620X03 ees 24a Selteo MS) (10.98 POU gee : 89 $ 4.2 
S.P.60G22X03 2) 3440p Mosel oe 77a: al ORD ioe : 95 fh a33 
S.P.60G24X03 : 2448 : 14.004: 8.67 ie LO : 87 2 473 
5 .P.60G625X03 eel OU yo OO ele 25 + 81.632: 79 meee 
§.L.122 X S.P.5460-0 y peste 8 lh Ole tO 4S ot 80073 seat we 83 : 4,3 
S.P,59B18-0 4119 9.4 16,278 to 12 64M. Bt 066 4a 85 : 2.8 
S.P.56AB1-45 3 38552. 3 14.465 2713 16)" 6 02. Sa te £7238 
S.P.5481-0 pes1O9" OP 12588 ME (1173p es. 80.38 eas VAT EF 
5.P.59B18-01 ‘a gopteeet 15,0398 oll, %8.a 88 80,70 : 91 i350 
General Mean ; 2894 ee? OOM eo 0) free aro : 87 $ 4.0 
S.E. Var, Mean > 248.6 >.5348 SO? tel, SOL : ai > 0,06 
SE, Var, Mean as % Gen, Mean: 8,59 : 4,21 : : we G 
Diff. for Sig. (odds 19:1) : 696 5 aie DO cee Loo OD 9 pmo 
BandowPB ioclsAtalygigweess kt Variance. tabla ae 
. . a ae 
; : Seen edueres 2o 3: toe See Bead 
Source of Variation :D/F: : : . : Beets : 
Gross +: Roots : Sucrose : Purity : per 100':; Leaf 
Be Ae RE et -Pof roy! Sty Spot 
sees replications hemes Li994 596 (2 2 Oo 896 116874) Olu k BBG +s 281 ; 40 
pa eis pe ne : ote ; 16.844 398,325 ¢-19,552 + 109 ; eon 
Roni cree. fe teee ene 1.716 3.027 i 10.443: 58 “19 
Calculated F, value $29/145 4.39%* : 9.81%" : 2.75%% : 1.97%% 3 1.86%*; 11,45** 


VARIETY TEST RESULTS - DETROIT STAKE FARM - 1961 


Due to the poor germination and resultant non-uniform stands, the yield 
data has been adjusted to compensate for the poor stands. The average weight 
per beet of each entry was calculated from the harvest data. Previous work 
has shown that yield is not materially affected by stand until the stand 
drops below 60%. Where the individual plot stands were less than 60% (65 
beets per harvested area per plot) the plot weights have been adjusted up- 
ward using the average weight per beet and 60% stand. 


Entry Beets/Plot Tons/Acre % % 
No. Description (Adjusted ) (Adjusted) Sucrose Purity 
x Iner.of 59E5-0 71 10.9 
® Iner.of 591103-0 (PI254575) 66 11.5 
; BRR-LSR Syn. clones 69 10.9 
BRR-LSR Syn. (8 clones 66 12.2 
5 fon of NBI x NB4)xH3611 4N = 71 13.5 14. 81.13 
6 MS of NBI x NB3)xH3611 4nN~—= 78 11.3 14. 83,22 
g SL 122 MS x 573040-0 75 12.6 ects 83.05 
SL 122 x US 401 4N 68 11.6 14.5 oa-e8 
9 SL 122 x US 401 2N 69 12.5 14.8 84.08 
10 SL 122 x MM inbred line 
(6052-01) 76 3 hh 15.3 84.64 
il Fim of BRR-LSRmm x CTR- 
LSRmm 69 10.3 
12 st " " 3 65 10.7 
1 A # " ea | 66 10.0 
ie t it " u 66 10.5 
15 iW W i" " 71 it? 
16 C361HO x $309-5-13-4 79 13.0 15.0 85.39 
17 C361HO x S09-5-9-9 72 12.1 14.2 83.03 
18 C361HO x $309-5-16-14 78 12.5 14.6 82.96 
19 C361HO x $309-5-9-19 74 12.0 14.0 80.75 
20 C361HO x $309-5~7~32 65 st 13.7 81.54 
21 C361HO x 809-7 ~32-40 65 11.6 
22 SL 122 MS x 5460-0 65 1-4 16.1 85.64 
2 020000 x Polycross 78 11.6. 
2 Incr.of 7 clones of US 401 76 11.5 
25 SP 5481-0 . 76 tie? . 


The sucrose percentage figures are averages of 2 or 3 plots (two samples 
per plot). 


Variety and Dears !p ey 
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The unadjusted data for stand and yield is shown below: 





Entry No. Beets Per Plot Tons Per Acre 
1 gases fron th or of Son fae ct 
: 66 pease the 20s 
i 66 on botwon Oak & 6954-0 

53 “n £40.0 
Z 6 1z0- = 
, 3 sas 
62 10.4 
1 . 10-2 
> 1 * 
+ 49 8.1 
Si 7 

: 54 oe 
15 60 

ar jhe 1.6 « 

TT 12.0 - 

a8 76 12:3 
19 TO il. 
oe 56 10.5 
> 32 9.2 

22 | 
: TT 11.4 
a 73 13.2 


* 





me 
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Effects of Leaf Spot on Soluble Solids 
Experiment 11, MSU Farm, 1961 


Effect of time of infection with leaf spot on the water soluble solids in the 
Sugar beet at harvest, time. The (1) samples were taken from the 2nd row of the 
8 row plot and the (2) samples were taken from the 6th row of the plots, ‘The 
ist and 2nd row of the plots were inoculated August 1, whereas the remaining 
rows were infected by natural spread of the disease from the inoculated rows, 

We estimate a 3 week differential in time of infection between the two samples, 
Ieaf spot readings were made Sept, 29, Each plot was given an overall rating 
and then the sample (1) and (2) rows were individually rated, Results are given 
as 6 plot averages. 


Seed Number Leaf Spot Rating % Sucrose % non—sugar solids 
Plet (1) (2) Cisre) (2) seat) 
SP 56AB1-45: Jette ae I3RG 13, 12+ Abo e200 
SP 59B18~0 268. 35) 2.5 Lays Se +3 2072 93.234 
WO O465 ( 59E5~-0) Jini 340 TAG9G Les & t4 3616 2585 = 23 
SP 6046-02 San 3.8 3e0 12.8 132 Yi" 3,04 2.87% -o)7 
SP 603103-01 J¢tae 3.0 2.2 11,9+- 2682 2593 * 
SP 6059-0 JePe4e0 362 10,35 1203-0 2.41 78 1 
SP 5937-0 ND Sen Bis 12920-1950 Se 2.71 2.88 +. 
SP 5481-0 Sols Ape Eo 1056. 1258. 42. 26.73 2567#-, | 
SP 60106—01 AsOAKGS 3.8 Wei 12c4 + 2689 Fe2h+. 
SP 604702 KSA O “Ae0 ai.28 12.7 +} > 2077 Ze 88 
SP 6046-01 400 4.2 RR? 10.8 12.6 +i 2.67 2.90 
SP 60109-01 4e0 4.3 Be7 Len LAB aes 2:94 276% 0 
SP 60113-01 hea 43 4,0 10.9 12,0 1 3.07 9 2.87#=. 
SP 60115-01 hee “4ed 368 Reade SD 2,99. Qeao 7 
SP 60G20K03 Asc2? 423 4.0 L066 11,53 4. 2580. 2,556" => 
SP 60G19X03 Aree Ase ahs O 10,5 > 1132 2573 2.60% = ° 
SP 6048-02 hee 4.3 4&0 9.9 1068 : 2049 2.81 
SP 6049-01 Leow aso. 265 Lt.8 2,6°4 2.93 27h - 
SL 122 xX SP 5460~0 4.3 4.8 ed hed ies ‘ 2073 2671 t 
. SP 60G22X03 Aed 4.3) M2 10.8 W121 2.64 311 +. 
SP 60G18X03: hod Aaa 4,0 954 968 Beak Reel * 
SP 60G24X03 bed Ac3d Aad 8.2 1922 1 2.52 2.76 t 
SP 60G25X03 HeS 4.5 Ae 1165 2ei009 Mell - 2.50% = 
SP 6047-01 4.5 hen hed 10,6 ioe : 2.78 2.90 +) 
SP 6048-01 4.8 5.0 4.3 10,1 11.4 + 2536 2654 
9921 H2 468 5.0 4.7 9:8 10;8 7 2:63 3.364 
9921 H1 5.0 5.0 5,0 968 U9L4% 212 22663% 
WC 0463: (PI254575) 5,0 5.2 “Hed Ceiemet oe 2270 24 54% 
Avera ge AL O°4e3 7 LOS 87 11.74 2675 26 83 


% deviation from the general trend 
(See next page) 


ee Toe 











(cont. ) 

Effects of Leaf Spot on Soluble Solids 
General Mean “4.02 11.30 2.79 
S.E. var mean ee eh) 26745 2 1480 
S.E. var mean as % Gen. X 5285 5.96 ‘530 
Ditfs for Sig. (19:1) OF; 1.89 0.41 
Random Block Analysis Variance table 

$ poet ee fy ey ck ee Mean DUET 88 ter ee oe Ne ee 
Source of : D/F :_L.S. Rating : % Sucrose : 4% non-sugar solids 
Variation $ $ $ $ : 
Replications ee a | 0.200 $ 246152 $ OTT 
Samples (rows) : 1 : 27.000 : 67.520 2 66325 
Variety S29 3.448 : 16.701 $ » 4080 
Var. x Repl. £10 0mee 05255 : 6,040 : 22628 
Var. x Samples +: 29 3 0,345 $ 1.831 $ ©2165 
Repl. x Samples : 5 + 0,400 $ 1,682 2, 2 1785 
Votes celts ri4Sieees 0.400 $ 1,106 $ 01755 
(pooled)wo/V xR : 179: $ 1.239 $ ° 1822 
(pooled)all inter: 324: 0,330 : ‘ 
Total 1259 ses $ $ 
Calculated F value $ $ ; 3 
Varieties : 10. 452% : 26763 t Le 553% 
Samples : 81, 8220+ : 5h hBet 3 3e4'7NS 


- 120 - 


DEVELOPMENT AND EVALUATION 


of 
SUGARBEET BREEDING MATERIAL AND VARIETIES CARRYING 


RESISTANCE TO LEAF SPOT AND CURLY TOP 


Foundation Projects 25 and 26 


Je O. Gaskill J. C. Overpeck 
G. E. Coe A. M. Murphy 


Cooperators conducting tests: 


Colorado Agricultural Experiment Station 
National Sugar Manufacturing Company 
New Mexico Agricultural Experiment Station 
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DEVELOPMENT AND TESTING OF SUGARBEGT LINES AND VARIBTIES 
HAVING RESISTANCE TO BOTH LEAF SPOT AN!) CURLY TOP, 1961 ay, 


(A phase of Beet Sugar Development Foundation Project No. 25) 
John O. Gaskill 2/ 


Breedin 
Because of the contintting threat of both leaf spot and curly top to 

the sugarbeet crop in certain areas east of the Rocky Mountains, increased 
attention was given in 1961 to the need for productive varieties with 
combined resistance to both diseases, At Ft. Collins, increased: emphasis 
was placed on the relatively new, long-term peorent of developing monogerm, 
type-O, inbred lines (and then male-sterile equivalents) with resistance 
to both leaf spot and curly top and with high sucrose and good combining 
ability. Tiered lines with similar qualities but lacking the type-O and 
male~-sterility chareetare also are being sought. In this breeding project, 
extensive tse is being made of curly top resistant material developed by 
other U.S. Department of Agriculture stations, especially at Salt Lake City, 
Utah. US 201 is being used as a major source of genes for leaf spot 
resistance, Other U.5.D.A. leaf spot resistant lines are being used to 
some extent for that purpose; also highly resistant introductions of Beta 
maritima. The monogerm gene stemming initially from the Savitsky discovery 
“J This progress report pertains only to breeding and testing work 

conducted at Ft. Collins, Colorado, and to cooperative tests conducted at 
other locations, by various investigators, with results summarized at the 
Ft. Collins station, The work at Ft. Collins was performed in cooperation 
with Colorado Agricultural Experiment Station, Beet: Sugar Development: Foun- 
dation, and Board of County Commissioners of Larimer County, and was sup~ 


ported in part by funds contributed by the National Sugar Manufacturing Co. 


2/ Plant Pathologist, Crops Research Division, Agricultural Researc 
Service, U. S. Department of Agriculture, | 


SrA 
wLe ge 


(SL 101) is serving as the principal source of monogermness, but Russian 
and Polish monogerm introductions also are being used, It is anticipated 
that some of the lines resulting from this breeding project will. be 
suitable for use in the production of commercial monogerm hybrids and 
that some will be of value primarily as gene sources for use by other 


breeders. 


Cooperative Evaluation Tests 

Six varieties, resulting from the work of several breeders and 
having a background of selection for both leaf spot and curly top 
resistance, were included in a cooperative testing program in 1961 togeth- 
er with a productive curly top resistant, multigerm hybrid and a 
commercial monogerm hybrid serving as standards. The & varieties are 
described in an accompanying table. Agronomic (Latin-Square, 8x8) 
evaluation tests were conducted at the following locations by the 
indicated organizations: Crowley, Colorado (National Sugar Manufacturing 
Co.); Leoti, Kansas (National Sugar Manufacturing Co, and the Tribune 
Branch Station of Kansas Agricultural Serena Station); Ft. Collins, 
Colorado (U. S. Department of Agriculture). Observational tests for leaf 
spot and curly top resistance were conducted by the U.S, Department of 
Agriculture at Beltsville, Maryland, and Jerome, Idaho, respectively. 
Stand in the Leoti test was quite variable, Beebe: as a result of hail 
and crust early in the season. The results from that test are considered 
decidedly unreliable and are not included in this report. Results from 
the other 4 tests are presented in 3 tables, 

The leaf spot readings at Ft. Collins and Beltsville and the curly 


top data obtained at Jerome show that substantial progress has been made 


= ies. 8 


in combining resistance to both diseases. The outstanding variety in this 
respect (#5, SP 6051-0) rather closely approaches the curly top resistant 
standard (#7, SL 202 H9) in resistance to curly top. However, the leaf 
spot resistance of SP 6051-0 is less impressive, particularly when 
comparison is made with the highly resistant inbred line, US 201, .under 
the very severe leaf spot exposure at Beltsville. 

For varietal comparisons in yield and sucrose percentage, under 
severe leaf spot exposure, the resvlts presented for Ft. Collins experiment 
no. LA are considered reliable. Such varietal comparisons, for conditions 
of mild or negligible leaf spot exposure, may be made in the results shown 
for the Crowley test. However, because of erratic stand losses due to 
Rhizoctonia root rot, the results from that test must be used with much 
caution, The relatively satisfactory yield and sucrose capabilities 
shown for variety #3 (SLC 122 MS x SP 5460-0) in the Ft. Collins and Crowley 
tests are of special interest because of the wide-spread commercial use 
of that variety in certain other sugarbeet growing areas and Rennise of 
the fact that it is a monogerm hybrid combining moderate resistance to 


both leaf spot and curly top. 


Other Tests at Ft. Collins 
Other tests under leaf spot conditions at Ft. Collins, involving 
material having resistance to both leaf spot and curly top, included the 
following: (a) an agronomic evaluation test of 14 varieties (exp. 9A), 
and (b) an observational test of leaf spot resistance (exp. 5A). A 


summary of results for each of those tests is presented, 
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COOPERATIVE SVALUATION TSTS OF LSR-CTR VARIETIES, 1961. 


Description of Varieties 


Ft. Collins 
seed no. 


Ace. 2270 


Ace. 2271 
Ace, 2286 


Ace, 227h 


Acc, 2273 


SP 581813-00 
Acc, 2272 


Acc. 2383 


Description 


LSR-CTR3; monogerm hybrids SLO 122 MS mm 
* SP 5651. Supplied by Utah-Idaho Sugar 
Company as U-I No. R-5651., 


LSR-CTR; monogerm hybrid; SLC 122 MS mm 
x ((SLC 114 x 601) x U-I 13). Supplied 
by Utah-Idaho Sugar Company as U-I No. 
R/13. 


LSR-CTR; monogerm hybrid; SLC 122 MS mm 


x SP 5460-0, Supplied by Farmers and 


Manufacturers Beet Sugar Association as 
Lot No. 1055, 


LSR-CTR; monogerm variety; SP 60100-00, 
Supplied by Dr. G. &. Coe, U.S.D.A.,y 
Beltsville, Maryland, 


LSR-CTR; multigerm variety; SP 6051-0. 


Supplied by Dr. G. E. Coe. 


LSR-CTR; multigerm variety; developed at 
Fort Collins by backcrossing, using CTR 
varieties as the recurring parental type. 


CTR; multigerm hybrid; CT9 MS hybrid x 
US 22/3, Supplied by Dr. F. V. Owen as 
SL No. 202 H9. ; 


Commercial monogerm hybrid, NHM-2; 
"local check", Furnished by National 
Sugar Manufacturing Company. 
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AGRONOMIC VALUATION TST OF LSR-CTR VARIETIES, 1961 
ixperiment No. 1A, Fort Collins, Colorado 


Conducted by: J. A, Hider and J. 0. Gaskill 
Location: Hospital Farm, Ft. Collins, Colorado; field no. 2. 


Cooperation: Colorado Agricultural Experiment Station, National Sugar 
Manufacturing Company, Beet Sugar Development Foundation, and Board of 
County Commissioners of Larimer County. 


Dates of Planting and Harvest: April 25-26; Oct. 10. 


Experimental Design: Latin Square, 8x8; plots 4 rows x 24'; rows 20" 
apart; hand thinned to single-plant hills. 


Determination of Root Yield: All roots in the 2 inner rows x 21! in 
each plot were hand topped, washed, and weighed, 


Determination of Sucrose Percentage: All roots harvested for root yield 
determination in each plot were divided into 2 samples for sucrose analyses, 
Duplicate sucrose determinations were made for the composited pulp from 
each sample, 


Stand Counts: All hills in the 2 inner rows x 21' in each plot were 
counted on September 15. No bolters were observed. 


Recent Cropping History: 1958 and 1959, alfalfa; 1960, barley. 
Chemicals Applied for Sugarbeet Crop: Treble superphosphate (approximately 


280 lbs. per acre) and ammonium nitrate (approximately 93 lbs. per acre 
were applied in August, 1960, just before plowing. Shell DD (about 45 gal. 
per acre).was applied in September, 1960, for sugarbeet nematode control. 


Leaf Spot Exposure: Severe 


Sugarbeet Nematode: Mild 
Other Diseases and Pests: Negligible 


Soil _and Seasonal Conditions: The weather was much wetter than usual 
throughout most of the growing season. furrow irrigation was adequate. 
Inoculation and frequent sprinkling were employed in order to promote the 
development of leaf spot (Cercospora beticola), 


Reliability of Test: Good 
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AGRONOMIC EVALUATION TWST OF LSR-CTR VARIETIES, 1961 
Crowley, Colorado 


Conducted by: Loyd Dillon 


Location: Farm operated by Walter Bronner, about 1 mile north and 
1/2 mile west of Crowley, Colorado. 


Cooperation: National Sugar Manufacturing Company 


Dates of Planting and Harvest: April 123; October 21 


Experimental Design: Latin Square, 8x83 plots 6 rows x 30'$ rows 22" 
apart; hand thinned to single-plant hills. 


Determination of Root Yield: All roots in 2 rows x 30' in each plot 
were topped, washed, and weighed. 


Determination of Sucrosd Percentage: Two composite sucar samples per plot 


Leaf Spot Exposure: Very mild 


Rhizoctonia Root Rot: Rhizoctonia root rot caused substantial, erratic 
stand losses throughout much of the test area during the latter part of 
the growing season. 


Other Diseases and Pests: Negligible 


Soil and Seasonal Conditions: Soil fertility was considered satisfactory 
and furrow irrigation was adequate. : : 


Reliability of Test: The crop apparently developed normally throughout 
the season except for stand losses due to Rhizoctonia root rot. Effects 
of those losses are reflected in the relatively large L.S.D. values, 
especially for yield of roots and gross sucrose. The results obtained 
from this test must be used very cautiously. 
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AGRONOMIC EVALUATION TST OF MISCELLANSOUS VARIETIES, 1961 
Experiment No. 9A, Fort Collins, Colorado 


Conducted by: Js A. Elder and J. 0. Gaskill 


‘ 


Location: Hospital Farm, Ft. Collins, Colorado; field no. 2. 
Cooperation: Colorado Agrictltural Experiment Station, National Sugar 


Manufacturing Company, Beet Sugar Development Foundation, and Board of 
County Commissioners of Larimer County. 


Dates of Planting and Harvest: April 26-27; Oct. 10-11. 


Experimental Design: Equalized-Random-Block, 14x7; plots 3 rows x 2hts 
rows 20" apart; hand thinned to single-plant hills. 


Determination of Root yield: All roots in the center row x 21! in each 
plot were hand topped, washed and weighed. 


Determination of Sucrose Percentage: All roots harvested for root yield 
determination in each plot constituted one sample for sucrose analysis. 
Duplicate sucrose determinations were made for the composited pulp from 
each sample, 


Stand Counts: All hills in the center row x 21! in each plot were counted 
on September 18, No bolters were observed. 


Recent Cropping History: 1958 and 1959, alfalfa; 1960, barley. 


Chemicals Applied for Sugarbeet Crop: Treble superphosphate (approximately 
280 lbs. per acre) and ammonium nitrate (approximately 93 lbs. per acre) 

' were applied in August, 1960, just before plowing. Shell DD (about 45 gal. 

per acre) was applied in September, 1960, for sugarbeet nematode control. 


Leaf Spot Exposure: Severe 
Sugarbeet Nematode: Mild 
Other Diseases and Pests: Negligible 


Soil and Seasonal Conditions: The weather was much wetter than usual 
throughout most of the growing season. Furrow irrigation was adequate. 
Inoculation and frequent sprinkling were employed in order to promote the 
. development of leaf spot (Cercospora beticola). 


Reliability of Test: Satisfactory | 
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OBSERVATIONAL THWST OF MISCELLANSOUS MATERIAL 
Leaf Spot Sprinkler peels Hospital Farm, Fort Collins, Colorado 


Description or source 


rryy 2 x rr¥y; MM 
SP 5-273-0; CTR syn.3; MM 
SP 6-2007-03 LSR syn.; MM 
Synthetic Check; Acc. 1055; MM 
Synthetic Check; SP 451069-03 MM 
Synthetic Check; SP 486-0; MM 
From SL 727 and SL 915; MM 
CTR sel. from US 201-B; MM 

do 
Fy, SL 727 sel. aa x SP 57109-0,eta;MM 
Increase of SL 9401; MM 
US 201 x 201-B; CTR sel. MM 
US 201-B; CTR sel.$ MM 
N.M. CTR sel. from SP 57109-0; MM 
SP 557 MS ma x US 201-B MM CTR sel, 


mm from L.C. 1959 selections 
do 

mn from CT5 and CT9 

Orig. SLC 122 mn 


SLC 122-19; sub-line of SLC 122; mm 
Orig. MS of SLC 122; mm. 

P.I. 2545753; SP 591103-0; Rus. mm 
Russian mm 


Rus. "mm (many doub. germ s.b.) 
LSR-CTR; MM 
LSR-CTR; mm 

do 

do 

do 

do 

do 

do 

do 

do 

do 


do 
do 
do 
do 


do 
do 
do 
do 
do 
SP 5481-0; MM 
US 201; MM 
US 22/h.3 MM 
LS-BR res. hyb,; MM 


Soa agp Ro 


Experiment No. 5A, 1961 


(Conducted by J. A. Elder and J. O. Gaskill 
t 


t Immed. 


parent or 


contrib. no. 


| e e no 
OLR (Poland); MM Acc. 2210 SP 601001-0 721 


SP. 601002-0 
SP 601003~0 
SP 601004-0 


SP 601005-0 


SP 581814-02 
SP 8-1906-0 
SP 451058-0 


SP 4.51069-0 
WC 0464 
WC 3216 
SL 0410 


SL 727 
SL 915 
SL 9401 
SL O01 
SL O11 
SL 012 
SL 016 
SL 0140 


SL 0702 © 
SL 0704 6) 
SL 0524 

SL 6240 

SL 0529 

SL 6133 

WC 0463 
P.I. 254575 


P.D, 254576 
SP 6051-0 

"  60103-01 
"  60104—01 


"  60105-01 
"  60106-01 
"  60107-01. 
"  60108-~01 


"  60109-01 
"  60110-01 
"  60111-01. 
"  60112-01 


"  60113-01 
"  60114-01 
"  60115-01 
t 60116-01 


" 60117-01 
"  6011.8-01 
"  60119-01 
"  601.20-01 
"  601.21-01 
8L-1023 

SE 501007-0 
SL 92 


SP SIR 1 aN. 
a/ Leaf spot: 0 =no leaf spot; 10 = coniplate defoliation 


b/ Foliage vigor: larger no. = greater vigor 


Field Tlan and Ramarks: Plots 


Fir Of 
seed 


Acc. 2269 
1327 
ee ie 


"2186 


Be ee O “ee 


W224) 
W 2276 
i 2277 
"2278 
w 2279 
tS F2250 
Nn 2282 
mete 
" 228) 
" 2386 
M5 2285 
ft *2387 
" 2330 


SP 591000-0 
SP 591001-0 


eae = 2 
2332 
M eo 


We eeo3h 
Wee e330 
W 2336 
Mianaat 
no 2g36 
n 2339 
i" 2340 
" 2341 
" 23,2 
No PaK3 
ace 
Mele 
"2346 
Ho) 23K7 
Mie 4G 
" "2349 
nH 2350 

2231 


' SP 581001-0 


Bey 1363 
2 S398P 7 


satisfactory throughout, and results are considered relinble, 


‘intey | ' 
t NO. 


722 
723 
72h, 
725 
726 
727 
728 


729 
730 
731 
732 
733 
734 
735 
736 


737 
738 
739 
710 
Th 
The 
743 
ThA 


(Cae 


71.6 
77 
7h8 


7h9 
750 
751 
752 


753 
75h 
Lo 
756 


aoe 
758 
759 
760 
761 
762 
763 
76h, 
765 
7166 
767 


OR. 3 
769 


spot development. 


:Leaf spot9 Fol, 


Stand was 


No. 
tvig. sof 
: G/22: 9/133 tplots 
LiS jez 0 3 
4e5 = =65.0 45 2 
4.8 5.0. hed 2 
3333 5 hs 5 2 
ie Ws hte 3 
3.8 bet hil a 
4.3 5.0 4.7 3 
2a 2 a 4b0 3 
2105-3 .07 510 3 
‘men 4,0 4.0 4 3 
262 367 5.9 3 
2102 2258 -25.0 5 
26a St OL aL 3 
2.3 4.0 4.3 3 
eS 3.0 gs 5] 
2 vie ieG ae BAO. 3 
2a. Hae tee 2 
aod Thee 2 
6,.05.44653"," 357 3 
JRA tare 
207 | AyGs 257 3 
he2 5.0 4.3 3 
2.8 4.0 5.3 300 
3307 4,555.0. 3 
Sab ete OB 
2.0 265m sy3 3 
3.0 3.7204,0 3 
2.8 3,2all 5.3 3 
ae 1k) 3608.50 3 
267 345195.0 3 
2.0 ee oe 
2.7 3,31 5.0 3 
293 aso Bed 3 
Ob ae clle 3 3 
207 3.20 4.7 2 
Dee ee ee 0” 8 
2.8 3.3135,3 3 
2) beaten y ae 
Aioeriaeaby 5d 3 
Aes (a ldes 3 
Reger eh 2 
2c FeO 5,0 3 
Sie 3.31/94.7 3 
3.04 -2selt 5.0 3 
2,39 a5%5.7 3 
T 9 aa, 26,0 6 
Lc Gua oi ye 6 
ik Oot Gy babs, BAG 
ag VL dS 6.0 3 


2 rows x 12'; rows 20" apart; replications as indicated, Artificial 
inoculation and frequent sprinkling were used to promote leaf 
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OBSERVATIONAL TEST OF BOLTING RESISTANT MALE STERILE LINES’ 
Leaf Spot Sprinkler Field, Hospital Farm, Ft. Collins, Colo. 
Experiment No. 6A, 1961 













Conducted by J.A, Elder and J.0O. Gaskill 
: Immed. parent t $ t "FOL be” 
Description a/ : or contributor's: F. CG. : Entryt : tvig,? No. 
or source $ nos t seed tno, ¢ : : of : of 
t t NO. $ : 8/22 : 9/1 39/5 Plots 

Male sterile lines: . OA} 
MS of NBL x NB3; M F59~509 HL Pietes09 1, Oe 5 5S 53 4.3 3 
MS of NBL x NB2; M F59-511 HL RON 23900 BR3 e560! o8i 711 540,01 63 
MS of NBL x NBA; M F59-554 HL Mm PeSIEAIIeTA Ase LS pe 33 
F58-515 HO x 7569; m F59-569 HL NP BOGAN, Mee Seteek 3 
MS of NB5 x NB6y M F60—512 H1 | 2393 876 ~ had 4.7 5.0 3 
MS of NBL x NBS; M 60-547 HL We esohe! B77 WO moekiRibi3 
F58-515 HO x 9561-43 m_ F60-561 HL " 2395 878 4.7 53h 3 
F59-569 HO x 8569; m F60-569 HO " 2396 879 5.3 6:074,07. 7 3 
9561 H2 x 9561-16; m 0562 HO peer es9) = BBO) eka §.3 hs) 3 
Checks: oe 
SP 5481-0; LS-BR res. var;M EL-1023 Ae) 2231 OO Lum Le 2 6,0 6 
US 201; LS res, inb.; M SP 501007-0 SP 581001-0 882 1.0 Lésetoes cae 
‘US H2; bolt, res. hyb.; M 063 H1 Aocpiesok . 683 fea) oh ose 
US 75: bolt. res. var.; M 0368 wy © 201 





Predominant type of seed planted in experiment 8A: M = multigerm; m = monogerm, 
b/ Leaf spot: 0 = no leaf spot; 10 = complete defoliation. 
cf Foliage vigor: Larger number = greater vigor. 


Field Plan: Plots 2 rows x 12'; rows 20" apart; replications as indicated, Artificial 
Jnoculation and frequent sprinkling were employed to promote leaf spot development. 


Remarks: Except for entry numbers 881 and 882, all seed was furnished by J. S. McFarlane, 
Crops Research Division, A.R.S., U.S.D.A., Salinas, California, Stand was satisfactory 
in all plots, and results are considered reliable, 
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DEVELOPMENT OF BREEDING PROCEDURES 


and 


PRODUCTION OF BASIC BREEDING MATERIAL 


Chemical Genetic Studies 


and 
Polyploidy Evaluation 


Foundation Project 25 


LeRoy Powers R. J. Hecker 


Research conducted in cooperation with Colorado Agricultural 
Experiment Station. 
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PROGRESS REPORT 10 THE BEET SUGAR DEVELOPMENT FOUNDATION ON THE GENETIC 
AND PLANT BREEDING PHASES OF PROJECT 25 1/ 
By LeRoy Powers and Richard J. Hecker 


CHEMICAL GENETIC STUDIES INVOLVING THIRTEEN CHARACTERS 
IN SUGAR BEETS 2,3,),5/ 


The increased use of nitrogen fertilizers in the production of sugar 
beets emphasizes the importance of chemical-genetic and soils studies per- 
taining to processing quality in sugar beets. Of particular interest are 
the interrelations of weight per root, percentage sucrose, and percentage 
apparent purity and chemical characters in the thin juice and in the peti- 
oles as influenced by certain fertilizer practices. The purpose of this 
article is to study the interrelations of the different characters. Some 
of the information has been reported in previous articles, Payne et al. 
(5,6) and Powers et al.(9,10,11). 


a The breeding and genetic phases of Project 25 are cooperative with the 
Agronomy Department of the Colorado State University Agricultural 
Experiment Station. 


2/ Cooperative investigations of the Colorado Agricultural Experiment 
Station} the Crops Research Division, Agricultural Research Service, 
U. S. Department of Agriculture; and the Beet Sugar Development Founda- 
tion. The Colorado State University gratefully acknowledges financial 
support from the James G. Boswell Foundation administered by the Agri- 
cultural Research Center of Stanford Research Institute, the National 
Institutes of Health, and the Beet Sugar Development Foundation and 
contract-research-funds from the Agricultural Research Service of the 
U. S. Department of Agriculture. These studies would not have been 
possible if these funds had not been granted. 


3/ The writers are indebted to R. Ralph Wood of the Great Western Sugar 
Company for obtaining thin juice samples by an oxalate method standard 
with his company and also acknowledge the cooperation of D. W. Robertson 
and Robert S. Whitney in conducting the field experiment. The writers 
are indebted to the Western Data Processing Center at the University of 
California at Los Angeles for use of the computing facilities for 
analyzing data. 


L/ This portion of the report is being prepared for publication by LeRoy 
Powers, W. R. Schmehl, W. T. Federer, and Merle G. Payne. 


5/ This portion of the report was prepared by LeRoy Powers. 
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Materials, Experimental Design, Methods, and Analyses 


These studies were conducted during 1956 and 1958, and 1960 and 1961. 


For 1956 the materials are populations A5y-1, ASl-1BB, 50-l,06BB, 
50-06, F, hybrid, and 52-307. A5)~-1 is a commercial variety and A5),-1BB 
resulted from seed harvested from 25 mother beets of Ad5l-1. The 25 mother 
beets giving rise to population A5)|-1BB were grown in an isolated seed 
plot along with 25 mother beets from each of 22 other populations. Seed 
was harvested from all mother beets on an individual plant basis and seed 
from each mother beet of A5l-1 was bulked to produce the seed for popula-~ 
tion ASl-1BB. Seed saved from mother beets of 50-06 and handled in a 
similar manner produced the population designated as 50-06BB. Hence, 
50-06BB is a top-cross hybrid. Populations 50-106 and 52-307 are inbreds 
and the Fy hybrid population resulted from crossing them. 


For 1958 the populations were A56-5BB, A56~5BBy, Ad4-1, 52-430, Fz 
hybrid, and 55-5307. A56-5BB is the population produced from the seed of 
120 mother beets of A56-5 surrounded by mother beets from A5lj-1, AC No. 2, 
MW 391, US 201, SL 028, and Janascz. A5l-l1 is a commercial variety, 
52-430 and 55-5307 are inbred lines, and the Fj hybrid resulted from cros- 
sing these two inbreds. Since 50-06 and 52-30 have green hypocotyls 
and the inbreds 52-307 and 55-5307 have red hypocotyls the hybrid popula- 
tions for both 1956 and 1958 were obtained by leaving only red hypocotyl 
beets during thinning. The same was true for 1960 and 1961. For 1960 
the populations are three Fy hybrids and A56-3 and for 1961 the popula- 
tions are an Fj hybrid and A56-3. 


For 1956 there were two treatments, non-fertilized and fertilized. 
The fertilized plots received a surface application of 100 pounds cf N and 
250 pounds of Po0r per acre on April 4, 1956. The fertilizer was culti- 
vated under with a rototiller. The experiment was planted on April 10 and 
11. On June 26, another 100 pounds of N per acre were drilled in the cen- 
ter of each space between rows of the fertilized plots. 


For 1958, 250 pounds of Po0¢ were applied to all plots on April 3 and 
disked deeply into the soil. On March , 50 pounds of N were applied to 
all plots and harrowed under. On March 8 an additional 100 pounds of N 
were applied to one-third of the plots and 250 pounds to another one-third 


tee 


of the plots. This made three applications of nitrogen: 50 pounds, 150 
pounds, and 300 pounds per acre. 


For 1960 and 1961, 100 pounds of N and 250 pounds of Po0¢ per acre 
were applied on the entire experimental area. 


Experimental Design 


The sources of variation and number of items for 1956 are shown in 
table 1. There are 0 replications. Treatments are a split plot of repli- 
cations; the two treatments in 1956 and the three treatments in 1958 are 
randomized within each replication. The six populations are randomized 
within each treatment and the eight locations are within each plot of each 
population. The plots were single rows. 


Table 1. Sources of variation designated as main effects, and 
number of each, 1956. 








Main effects Number 


a TEENS TLR I CS CSI SPSS LLL AIL: LD DL LEED 


Replications 0 
Populations 6 
Treatments 2 
Locations 8 





In 1956 and 1961 every plot was bordered by a row of A5l-1 to provide 
uniform competition. After thinning, each plot had 12 plants in 1956 and 
2); plants in 1961. The stands remained excellent during the growing season. 
The rows were spaced 22 inches apart and in 1956 the plants were spaced 
20 inches apart: within the row and in 1961 they were spaced 10 inches apart 
within the row. In 1958 the rows were spaced ll inches apart and the plants 
were thinned to 10-inch spacings within the row. In 1960 the rows were 
spaced 22 inches apart and the plants were thinned to 10-inch spacings with- 
in the row. In 1956 and 1958 data were taken on only eight plants, the 
extra plants at each end of the row being discarded at time of harvest. 
Selection was avoided during thinning by saving the plant farthest south in 
a blocked group. 


In 1960 all the plants per plot were harvested. In 1961, 15 competi- 
tive plants per plot were harvested. The stands were excellent in all years. 


= 138 os 


The design of the experiment in 1960 was a randomized complete block with 
30 replications and in 1961 a randomized complete block with 10 replica- 
tions. 


Purity, nitrogen, glutamic acid, betaine, and chlorides were deter- 
mined from thin juice samples only, and are expressed as milligrams per 100 
milliliters of thin juice equated to a refractometer reading or 10. Potas- 
sium and sodium were determined from both thin juice and petioles samples. 
In the thin juice they are expressed as parts per 100,000 and in the peti- 
oles as parts per million. Finally, nitrate nitrogen and phosphorus were 
determined only from petiole samples and are expressed as parts per million. 
For more details of the method used to determine total nitrogen see Payne 
et al (5). Standard methods were used in making the chemical determina- 
tions for the other characters (see Payne et al, 6). The methods used in 
analyzing the data are those given by Powers et al (9,10,11) and Federer 
et al (3). For the details of the methods of calculation the reader is 
referred to these articles. Primarily, the analyses were made by employing 
the analysis of variance, components of variance methods of genetic analy- 
sis, and regression. In this article the biology and not the statistical 
procedures will be emphasized. 


Results 


This article is concerned, primarily, with the interrelations of the 
characters as determined by a study of the means and simple correlation 
coefficients, with phenotypic-dominance phenomena, and dates of harvest and 
combining ability tests. 


Means 


The means will be studied first as the determination of phenotypic- 
dominance involves a comparison of the means. The means for populations 
within treatments for 1956 are listed in table 2. 
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Populations ASl-1 and A5)-1BB have the largest weights per root on 
both the non-fertilized and the fertilized plots. Also, these two popula- 
tions have the highest percentage sucrose on the non-fertilized plots. 
This is not true of the fertilized plots as the Fj and 50-l,06BB have the 
highest percentages sucrose. They are intermediate in weight per root. 

On the non-fertilized plots, the lowest weight per root and the lowest 
percentage sucrose occurs in population 52-307 and on the fertilized plots 
in population 50-l\06. Definitely, there is a genotype-environment inter- 
action as regards the interrelation of weight per root and percentage 
sucrose. That higher weight per root and higher percentage sucrose can be 
canbined is of economic importance. The Fz and 50-l06BB are highest in 
percentage apparent purity on the non-fertilized plots and the Fy, 52-307, 
and 50-l\06BB are highest in percentage apparent purity on the fertilized 
plots. It is interesting to note that both the Fj and 50-l,06BB are hybrid 
populations, the F, being a single-cross hybrid and 50-l06BB being a top- 
cross hybrid. 


Total nitrogen in the thin juice is lowest for the Fy and 52-307 and 
highest for ASh-1 and AS\-1BB. This is true of both the non-fertilized 
and fertilized plots. On the fertilized plots glutamic acid averages high- 
est for A54-1 and lowest for 52-307, 50-06, and the Fy. Adjj-1 has more 
than twice as much total nitrogen as 52-307 and 8 times as much glutamic 
acid on the fertilized plots. A5l-1BB and 50-l06BB are intermediate in 
glutamic acid and do not differ significantly from each other. The Fy is 
lowest in betaine on both the non-fertilized and fertilized plots. AdSh-1 
and AS-1BB are highest in betaine on the non-fertilized plots and 52-307, 
50-06, and 50-0688 are intermediate. On the fertilized plots 50-06 is 
highest in betaine and A5lj-1 and AS=-1BB are next highest with 52-307 and 
50-,06BB having still lower betaine but having more betaine than the Fy 
hybrid. 


On the non-fertilized plots and for the thin juice the F; and 52-307 
are lower in potassium than A5l,-1 and AS\~-1BB,but they are higher in potas- 
sium in the petioles. On the fertilized plots 52-307 is again lower than 
A54-1 in potassium in the thin juice but higher in potassium in the petioles. 
It is clear that comparative concentrations of potassium in the petioles 
are not necessarily indicative of the comparative concentrations of potas- 
sium in the thin juice. On the non-fertilized plots all but populations 
A54-1BB and 50-06BB and 52-307 and the Fj differ significantly from each 
other as regards potassium in the petioles; whereas, on the fertilized 
plots only 52-307 differs significantly from the others. Such facts as 
these must be kept in mind when interpreting the genetic correlation coef- 
ficients which are presented later in this article. 


Comparisons involving sodium in the thin juice and sodium in the : 
petioles agree fairly well, both on the non-fertilized and fertilized plots. 
In these comparisons 50-l,06BB, 50-06, and the F) have low sodium and A5-1, 
A54-1BB, and 52-307 have high sodium. Population 50-06 has significantly 
lower sodium in the petioles than any other population with the possible 
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exception of the Fy, hybrid on the fertilized plots. 


On the non-fertilized plots there are no statistically significant 
differences at the 5% level in the amounts of nitrate nitrogen in the 
petioles. On the fertilized plots 50-406 and the Fj are lowest in nitrate 
nitrogen in the petioles, 52-307 is intermediate, and A54-1, AS)-1BB, and 
50-!,06BB are highest. 


The comparisons between total nitrogen in the thin juice and nitrate 
nitrogen in the petioles for the two inbreds and their corresponding Fj is 
informative. Populations 52-307 and the Fj have lower total nitrogen than 
50-06 in the thin juice and higher nitrate nitrogen in the petioles. The 
latter comparison between 52-307 and 50-l,06 on the fertilized plots is 
statistically significant at the 5-percent level. It is apparent that com- 
parative amounts of nitrate nitrogen in the petioles cannot be taken as 
indicative of comparative amounts of total nitrogen in the thin juice. 


Population 52-307 is highest in phosphorus on both the non-fertilized 
and fertilized plots, whereas 50-06 and 50-06BB are the lowest. Popula- 
tions AS-1, ASl-1BB, and the F; are intermediate and do not differ material- 
ly. These data were taken on the petiole samples. The comparisons are 
essentially the same for the non-fertilized and fertilized plots. 


A comparison of the treatment means of table 2 reveals that for 1956, 
on the fertilized plots as compared with the non-fertilized plots there is 
an increase in weight per root, total nitrogen, glutamic acid, betaine, 
potassium in the thin juice, sodium in the thin juice and petioles and 
nitrate nitrogen. The same comparisons reveal that there is a decrease on 
the fertilized as compared with non-fertilized plots for percentage sucrose, 
percentage apparent purity, and phosphorus and potassium in the petioles. 
Potassium on an average is higher in the thin juice on the fertilized plots; 
whereas, the reverse is true for potassium in the petioles. It is clear 
that comparative concentrations of potassium in the thin juice cannot be 
taken as indicative of comparative concentrations of potassium in the 
petioles. Also, it should be noted that there is a genotype-environmental 
interaction as regards potassium. Population 52-307 is significantly lower 
in potassium in both the thin juice and petioles on the fertilized plots 
than on the non-fertilized plots, whereas all the other varieties have 
higher potassium in the thin juice on the fertilized plots as compared 
with the non-fertilized plots and lower potassium in the petioles of the 
fertilized plots as compared with the non-fertilized plots. This is an 
interaction involving genotype, fertilizer treatments, and location in the 
plant (tops or roots). This behavior would be expected if some populations 
retain greater amounts of potassium in the tops, whereas for other popula- 
tions it is translocated to the roots, resulting in greater concentrations 
of potassium in the thin juice. 


The 1958 means for populations within treatments are listed in table 3} 
and the means for populations over e]1 treatments, in table ll; and the means 
for treatments over populations,in table 5. 
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Population ASl-1 has the largest weight per root followed by A56-5BB 
and A56-5BB. The Fy hybrid is fourth in weight per root and 55-5307 and 
52-30 fifth and sixth, respectively. Populations ASh~1 and 52-30 average 
highest in percentage sucrose and the Fy is third followed by: A56-5BB and 
AS6-5BB]. Population 55-5307 is lowest in percentage sucrose. The Fy is 
highest in apparent purity and 55-5307 is lowest. These data show that 
high weight per root and high percentage sucrose are not mutually exclu- ° 
sive as the highest percentages sucrose are for A5Slj-1 and 52-30, the 
former having the largest weight per root and the latter having the smal- 
lest weight per root. 


Population 55-5307 averages highest in totel nitrogen and ASlj-1 and 
the Fj are next highest. A56-5BB, A56-5BB], and 52=)130 are lowest. Glu- 
tamic acid follows nearly the same pattern. Population 55-5307 is highest 
in betaine followed by 52-30 and A5y-1. The Fy is next in order of magni- 
tude and A56=5BB and A56-5BB] are lowest. a 


The level of chlorides is low for all populations and the Fy has the 
lowest chlorides of all populations. Population 55-5307 is next lowest 
followed in order by 52-130, ASl-1, A56-5BB, and A56-5BB3 . 


Populations 55-5307 and 52-l30 are lowest in nitrate nitrogen in the 
petioles, whereas A56-5BB and A56-5BB] are highest. As regards phosphorus, 
population 55-5307 is lowest and 52-l;30 is highest. The Fy and the other 
3 populations do not differ materially as regards parts per million of 
phosphorus in the petioles. Population 55-5307 is lowest in potassium in 
the petioles, the Fy and 52-30 are next lowest, ASli-1. is intermediate, 
and A56-5BB and A56-5BB] are highest. Populations 52-130 and the Fy are 
lowest in sodium, whereas the other four populations are not materially 
different. 


The relations between total nitrogen and the nitrogenous compounds in 
the thin juice and nitrate nitrogen in the petioles is interesting. Popu- 
lation 55-5307 is materially higher than A56-5BB in total nitrogen, glutamic 
acid, and betaine in the thin juice and is decidedly lower than A56~SBB 
in nitrate nitrogen in the petioles. Further, population 55-5307 is 
materially higher than 52-130 in total nitrogen, glutamic acid, and betaine 
in the thin juice but does not differ materially from 52-30 as regards 
nitrate nitrogen in the petioles. ‘These findings make it clear that the 
comparative amounts of nitrate nitrogen in the petioles cannot be taken 
as an indication of the comparative amounts of total nitrogen and nitro- 
genous compounds in the thin juice. 


The treatment means for each population in 1958 are listed in table 
3 and the treatment means averaged over all populations in table 5. It 
is clear from a study of these two tables that the weights per root do not 
differ materially with the amounts of nitrogen added as fertilizer. How- 
ever, there is a decrease in percentage sucrose, percentage apparent 
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purity, phosphorus, potagsiun, and sodium with an increase in the amounts 
of nitrogen applied as fertilizer. Also, as might be expected, there is 
an increase in total nitrogen, glutamic acid, betaine, and nitrate nitro- 
gen with an increase in amounts of nitrogen applied as fertilizer. 


One interaction of table 3 involving total nitrogen in the thin juice 
is particularly interesting. At the 50 pounds application of nitrogen, 
total nitrogen in the thin juice, percentage sucrose, and percentage 
apparent purity are not significantly different for populations ASlj-1 and 
52-30. At 150 pounds application of nitrogen, A5l-1 compared with 52-30 
is significantly higher in total nitrogen in the thin juice, has the same 
percentage sucrose, and approaches statistical significance in having 
lower percentage apparent purity. At the 300 pounds application of nitro- 
gen, A54-1 compared with 52-30 is significantly higher .in total nitrogen 
and significantly lower in both percentage sucrose and percentage purity. 
This confirms the findings for 1956 that genotypes differ in the concentra- 
tions of nitrogen in the thin juice grown under identical applications of 
fertilizer and that total nitrogen in the thin juice is negatively associat- 
ed with percentage sucrose and percentage apparent purity. 


Three interactions in table | are of particular interest. First, the 
Fj is significantly higher than A56-5BB, in total nitrogen in the thin juice, 
percentage sucrose, and percentage apparent purity. This shows that some 
genotypes may’ have higher nitrogen in the thin juice than other genotypes 
and at the same time have higher percentages of sucrose and purity. The 
second interaction involves genotypes and total nitrogen in the thin juice 
as compared to nitrate nitrogen in the petioles. Population 55-5307 has 
the highest concentration for any population of total nitrogen in the thin 
juice and the lowest concentration for any population of nitrate nitrogen 
in the petioles, whereas A56-5BB has the lowest concentration for any popu- 
lation of total nitrogen in the thin juice and the highest concentration 
for any population of nitrate nitrogen in the petioles. It is evident that 
concentrations of nitrate nitrogen in the petioles cannot always be taken 
as a reliable indicator of comparative concentrations of total nitrogen in 
the thin juice. These first two interactions confirm findings for the 1956 
data. Finally, 52-30 compared with the Fy has a significantly higher 
concentration of betaine in the thin juice, has significantly higher sucrose, 
and is significantly lower in percentage purity. 


Phenotypic Dominance 


Phenotypic-dominance phenomena derived from a comparison of the means 
of the inbreds and their corresponding Fj hybrids (see tables 2, 3 and )) 
are listed in tables 6 and 7. The terms used in classifying the dominance 
phenomena are heterosist, dominancet, partial dominancet, intermediate, 
partial dominance-, dominance-, and heterosis-. <A plus following the desig- 
nation indicates that the greater expression of the character exhibits the 
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phenomenon tabulated. A minus following the designation indicates the 
smaller expression of the character exhibits the phenomenon listed. 
Heterosis is used when the expression of the character goes beyond that 

of either parent, dominance when the character is not significantly differ- 
ent from one or the other parent, partial dominance when the expression 

of the character lies between the two parents but closer to the mean of 

one of the parents, and intermediate when the expression of the charac-~ 

ter is not significantly different from the mean of the two parents. 


Table 6, Phenotypic dominance for weight per root and chemical 
characters in the thin juice and in the petioles of the sugar 
beet; comparisons involve the inbreds and F, of 50-406 and 52-307, 


Reet. eR ee oO a Re 








Material and Non-fertilize 1,2 Fertilizeats2/ 
character 
Weight per root Heterosist+ Heterosis+ 
Sucrose Heterosis+ Heterosis+ 
Thin juice 
Purity Heterosis+ Heterosis+ 
Nitrogen Heterosis- Partial dominance- 
Glutamic acid Dominance- Dominance+ 
Betaine Heterosis~ Heterosis~= - 
Potassium Heterosis- Dominance~ 
Sodium Partial dominancee Dominance- 
Petioles 
Nitrate nitrogen Dominance+ Intermediate 
Phosphorus Partial dominance- Partial dominance- 
Potassium Partial dominance+ Partial dominance- 
Sodium Partial dominance+t Partial dominance- 
1/ 


— A plus following the designation shows that the greater 
expression of the character shows either partial dominance, 
dominance, or heterosis. 

2/ A minus following the designation shows that the lesser 

expression of the character shows either partial dominance, 

dominance, or heterosis. 
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Table 7, Phenotypic dominance for weight per root and chemical 
characters in the thin juice and in the petioles of the sugar 
beet; comparisons involve the inbreds and F) of 52-130 and 
55-5307, 1958, averages for the three levels of nitrogen appli- 
cation. 

















Material and Ataracelse/; 
character 
Weight per root Heterosis+ 
Sucrose Partial dominance+ 
Thin juice 
Purity Dominance+ 
Nitrogen Partial dominance- 
Glutamic acid Partial, dominance- 
Betaine Heterosis~ 
Chlorides Heterosis- 
Petioles 
Nitrate nitrogen Heterosis+ 
Phosphorus Partial dominance~ 
Potassium Partial dominance+ 
Sodiun Partial dominance- 











—— 


¥ A plus following the designation shows that the 
greater expression of the character shows either 
partial dominance, dominance, or heterosis. 





2/ A minus following the designation shows that the 
lesser expression of the character shows either 
partial dominance, dominance, or heterosis. 
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The data for 1956 are for the inbreds and the Fy hybrid 50-06 x 
52-307. : 


As would be expected,weight per root exhibits heterosis in a plus 
direction on both the fertilized and non-fertilized plots. Likewise, 
percentage sucrose and percentage apparent purity exhibit plus heterosis 
on both the non-fertilized and fertilized plots. 


Considering the thin juice samples,total nitrogen exhibits minus 
heterosis on the non-fertilized plots and minus partial dominance on the 
fertilized plots. Glutamic acid exhibits minus dominance on the non- 
fertilized plots and plus dominance on the fertilized plots. However, the 
differences on the non-fertilized plots are not significant at the 5% 
level. This behavior indicates a genotype-environment interaction involv- 
ing comparisons between the two inbreds and the Fj. Betaine exhibits 
minus heterosis on both the non-fertilized and the fertilized plots. 
Potassium exhibits minus heterosis on the non-fertilized plots and minus 
dominance on the fertilized plots. Sodium exhibits minus partial domin- 
ance on the non-fertilized plots and minus dominance on the fertilized 
plots. Again the difference between the low sodium parent and the Ba, is 
not significant at the 5% level. 


Turning to a consideration of the chemical characters taken on the 
petioles, nitrate nitrogen exhibits plus dominance on the non-fertilized 
plots and intermediate dominance on the fertilized plots. Phosphorus 
exhibits minus partial dominance on both the non-fertilized plots and the 
fertilized plots. Both potassium and sodium exhibit plus partial dominance 
on the non-fertilized plots and minus partial dominance on the fertilized 
plots. These are genotype-environment interactions and they are well 
established statistically. 


The phenotypic-dominance phenomena for 1958 are tabulated in table 1e 
Comparisons involve the inbreds and Fy derived from crossing 52-30 and 


55-5307. 


Again weight per root exhibits plus heterosis, as was expected. Per- 
centage sucrose exhibits plus partial dominance and percentage aoparent 
purity exhibits plus dominance. Nitrogen and glutamic acid exhibit minus 
partial dominance and betaine and chlorides exhibit minus heterosis. The 
latter four characters are from thin juice samples,as were the data for 
purity. 


Again nitrate nitrogen, phosphorus, potassium and sodium were deter- 
mined from petiole samples. Nitrate nitrogen showed plus heterosis; phos- 
phorus,minus partial dominance; potassium, plus partial dominance; and 
sodium, minus partial dominance. 


The phenotypic-dominance phenomena tabulated in tables 6 and 7 are of 
interest to the beet sugar industry,even though in these two tables only 
two Fj hybrids and their corresponding inbred parents are involved. The 
main characters are weight per root, percentage sucrose, and percentage 
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apparent purity. In the Fy of 50-06 X 52-307, all of these three charac~- 
ters exhibited heterosis. As previously pointed out this was to be expected 
for weight per root. The fact that percentage sucrose and percentage 
apparent purity also exhibit heterosis indicates that hybrids or at least 
some form of breeding utilizing heterosis will play a dominant role in the 
production of sugar from beets. Also it is significant that in the thin 
juice nitrogen, betaine, potassium, and sodium exhibited minus partial 
dominance, minus heterosis, and minus dominance, respectively, on the ferti- 
lized plots. On the non-fertilized plots these four characters and 
glutamic acid showed minus reactions. Such behavior would lead to com- 
paratively smaller amounts of these chemicals in the thin juice. Such 
reactions in turn would be expected to result in higher percentages sucrose 
and purities. Therefore from this behavior of some of the impurities in 
the thin juice, plus heterosis for percentage apparent purity might have 
been anticipated. ’ ; 


Correlation Coefficients 


The relations noted between characters in tables 2-5, inclusive, and 
table 8 can be expressed as correlation coefficients. The simple correla- 
tion coefficients express average relations between two characters; that is, 
measure the average association between two characters. It is important that 
this be kept in mind while interpreting the data, especially when associa- 
tions differ materially depending upon the environment, genotype, location 
in the plant, or all three. It is equally important to keep in mind the 
limitations of the data. For example, the data of table 8 include only two 
years and five fertilizer treatments. This is a small sample of years and 
fertilizer treatments. Likewise, the number of populations studied are 
eleven for the two years 1956 and 1958. Such being the case, when inter- 
actions are involved, it is necessary to study in detail the data in tables 
2-5, inclusive, and table 8 in order to make correct deductions. 


As is the case with the variances, the covariances can be divided into 
that portion attributable primarily to differences in the environment and 
that attributable primarily to genotypic differences. In these studies the 
environmental variances include a negligible amount of genetic variance and 
the genetic variances include a negligible amount of environmental varia- 
bility. The environmental correlation coefficients will be considered first. 
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Environmental variability 


The means for treatments within years at five levels of total nitro- 
gen in the thin juice for 1956 and 1958 and for population A5h-1 are given 
in table 8. These data permit a study of the interrelations of characters 
under partially controlled environmental conditions. Fertilizer practices 
were controlled within each year. As can be seen from an examination of 
table 8 there were five levels of total nitrogen in the thin juice start- 
ing with the non-fertilized plots in 1956 and progressing to the 300-pound 
application of nitrogen in 1958. These five levels of total nitrogen in 
the thin juice resulted from applications of known amounts of N and from 
possible year effects. Known amounts of P9205 were added to the fertilized 
plots in 1956, and to all of the plots in 1958. It should be noted that 
the data in table 8 are only for population A5li-1 and,hence, genetic differ- 
ences due to populations are non-existent. Simple correlation coefficients 
were calculated yielding constants which show the average relations between 
the characters. 


A study of the means listed in table 8 shows that the decreases in 
percentages sucrose and apparent purity, starting with the non-fertilized 
plots in 1956 and progressing to the 300-pound application of N in 1958, 
were accompanied by an increase in total nitrogen, glutamic acid and betaine 
in the thin juice. In 1956 potassium and sodium in the thin juice increased 
also. As published in a previous article,nitrogen, glutamic acid and be- 
taine are highly associated as regards the environmental variability (6). 


First, the interrelations of weight per root, percentage sucrose, and 
percentage apparent purity will be considered. A study of table 8 reveals 
that the differences in weight per root at the three levels of nitrogen 

application are not significantly different for 1958. This is true even 
though there is an increase of total nitrogen in the thin juice and nitrate 
nitrogen in the petioles. Apparently each of the three applications of 
fertilizer provided sufficient nitrogen for maximum weight of root under 
the conditions of the experiment in 1958. There was a difference in weight 
per root as regards fertilizer applications in 1956 and a difference between 
the years, the weight per root being higher in 1958 than in 1956. These 
findings should be kept in mind when interpreting the simple correlation 
coefficients. 


The correlation coefficients and percentages of the variances account- 
- ed for by regression (r@ X 100) are listed in table 9. A study of the data 
in the columns headed "Sucrose" and headed "Purity" reveals that as weight 
per root increased percentage sucrose and percentage apparent purity de- 
creased. The correlation coefficient for weight per root and percentage 
sucrose is -0.90. Hence 81 percent of the environmental variability of 
percentage sucrose is accounted for by regression or covariance. The cor-~ 
relation coefficient for weight per root and percentage apparent purity is 
-~0.86 and 7 percent of the environmental variabilit#As accounted for by 
regression. One of the larger percentages of the environmental variability 
accounted for by regression is that between percentage sucrose and percent- 
age apparent purity, 98 percent of the environmental variability being 
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accounted for by regression. Hence, under the conditions of this experi- 
ment,increased applications of nitrogen in the fertilizer resulted in no 
further increase in weight per root but resulted in a material reduction 
in both percentage sucrose and percentage apparent purity. 


The correlation coefficients and the percentage of the variances 
accounted for by regression of weight per root, percentage sucrose, and 
percentage apparent purity on other chemical characters are listed in table 
9, also. The regression of weight per root, percentage sucrose, and percent- 
age apparent purity on total nitrogen in the thin juice accounts for 77, 

94, and 98 percent, respectively, of the environmental variability of these 
three characters. The relations with glutamic acid and betaine are very 
similar as are those with total nitrogen. The correlation coefficient in- 
volving weight per root is positive, whereas those involving percentage 
sucrose and percentage apparent purity and total nitrogen are negative. 
Nitrate nitrogen in the petioles is positively associated with weight per 
root and negatively associated with percentage sucrose and percentage 
apparent purity. Regression accounted for 1, 56, and 71 percent of the 
environmental variability. Weight per root is negatively associated with 
phosphorus, whereas percentage sucrose and percentage apparent purity are 
positively associated with phosphorus. Regression accounted for 90, 96, and 
88 percent of the environmental variability. A relatively minor portion of 
the environmental variability of weight per root, percentage sucrose, and 
percentage apparent purity is accounted for by the regression of these 
characters on potassium; the values being 15, 5, and 8 percent, respectively. 
The percentages of the environmental variability accounted for by regres- 
sion of weight per root, percent sucrose and percent apparent purity on 
sodium are 96, 77, and 66, respectively. The relations are negative for 
percentage sucrose and percentage apparent purity. Total nitrogen and the 
nitrogenous compounds in the thin juice, and phosphorus and sodium in the 
petioles are most closely associated with weight per root, percentage 
sucrose, and percentage apparent purity. 
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The correlation coefficients for nitrogen,glutamic acid, betaine, 
nitrate nitrogen, phosphorus, potassium, and sodium, and the percentages 
of the variances accounted for by regression are listed in table 9. It 
should be kept in mind they are calculated from the data for ASh-1 for 
1956 and 1958. Total nitrogen in the thin juice is very closely assoc- 
iated with glutamic acid and betaine and is rather closely associated with 
nitrate nitrogen, phosphorus, and sodium. The percents of the environ- 
mental variability accounted for by regression are 94, 98, 775 88 and 67, 
respectively. The association is positive for glutamic acid, betaine, 
nitrate nitrogen and sodium and negative for phosphorus and potassium. 

The only other close association is between phosphorus and sodium in the 
petioles, 90 percent of the variability being accounted for by regression. 
The association is negative. The relation between potassium and sodium is 
negative and only 7 percent of the variances is accounted for by regression. 
The negative relation is due to the differential behavior of these two 
characters in 1956 on the non-fertilized as compared with the fertilized 
plots. There was a decrease in potassium and an increase in sodium in 
going from the non-fertilized to the fertilized plots in 1956 (see table 8). 
For the 1958 data both decrease with increased applications of nitrogen in 
the fertilizer. When such interactions occur, it must be kept in mind 
that the correlation coefficients present average relations and to obtain 
all of the information, data such as listed in table 8 , must be studied 
in detail. 


Genetic variability 


The average interrelations attributable to genetic variability are 
shown by the correlation coefficients and the percentages of the variances . 
accounted for by regression (x2 X 100) in tables 10 and 11. These constants 
measure the degree of association between characters whose variability is 
attributable, primarily, to differences between populations and hence are 
primarily genetic. The variability of the characters contains only a negli- 
gible amount due to environmental differences. 


The data for both the fertilized and non-fertilized plots are given in 
table 10. The relation between weight per root and percentage sucrose is 
positive on both the non-fertilized and fertilized plots, 76 percent of. the 
variability being accounted for in the former case and 29 percent in the 
latter. The association between weight per root and purity is not close 
on both fertilizer treatments, only 7 percent of the variability being 
accounted for by regression on the non-fertilized plots and practically none 
on the fertilized plots. On the fertilized plots regression accounted for 
53 percent of the variability involving percentage sucrose and percentage 
apparent purity. This represents a decided increase in the proportion of 
the variance accounted for by regression calculated from the fertilized 
plots compared with the proportion accounted for by regression calculated 
from the non-fertilized plots. As was the case for the environmental 
. variability, the relation is positive. 
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The correlation coefficients and the percentages of the variances 
accounted for by regression of weight per root, percentage sucrose, and 
percentage apparent purity on other chemical characters are listed ins 
table 10 also. ‘They were calculated from differences between populations 
and are from the 1956 data. 


A study of table 10 reveals that the strongest association of charac- 

ters for weight per root is with nitrate nitrogen in the petioles. Here 

for the non-fertilized and the fertilized plots 69 and'52 percent of the 
variability is accounted for by regression. . The next strongest associations 
as regards weight per root are with glutamic acid and total nitrogen in the 
thin juice. The percents of the variability accounted for by regression 
for the non-fertilized and fertilized plots are 31 and 52, and 27 and hh 
percent, respectively. 


For percentage sucrose the closest association on the non-fertilized 
plots is with phosphorus. It is negative and only h9 percent of the varia- 
bility is accounted for by regression. The next strongest associations 
on the non-fertilized plots are with glutamic acid and total nitrogen in 
the thin juice. For the fertilized plots the strongest association is with 
betaine in the thin juice and is negative. Here 81 percent of the varia- 
bility is accounted for by regression. 


For percentage apparent purity the strongest associations are with 
betaine, potassium, and total nitrogen in the thin juice, regression account- 
ing for 86, 81, and 56 percent of the variability on the fertilized plots 
‘and 61, 46, and lS percent on the non-fertilized plots, respectively. With 
the possible exception of glutamic acid, the percentages of the variances 
accounted for by regression of purity and the other characters both on the 
non-fertilized and fertilized plots are comparatively small. The closest 
association between percentage apparent purity and any character taken from 
petiole samples is with potassium. The association is positive. The rela- 
tion between potassium and percentage apparent purity in the thin juice 
was negative. These data definitely show that as regards the genetic varia- 
bility the association between purity and potassium in the thin juice is 
the reverse of that in the petioles. The same conclusion can be drawn for 
weight of root and potassium in the thin juice and in the petioles, with 
the exception that the relation is reversed; that is, the rclation is posi- 
tive in the thin juice and negative in the petioles or non-significant, é 
the correlation coefficient being only -0.03 for the non-fertilized plots. 
It is clear that the relations found existing between potassium and the 
three characters weight per root, percentage sucrose, and percentage appar- 
ent purity in the petioles cannot be taken as a measure of the relations 
between potassium in the thin juice and these same three characters. 


The genetic correlation coefficients and percentages of the variances 
accounted for by regression for total nitrogen, glutamic acid, betaine, 
potassium (thin juice), sodium (thin juice), nitrate nitrogen, phosphorus, 
potassium (petioles) and sodium (petioles) are listed in table 10 also. 
The data are for 1956. 
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Total nitrogen, glutamic acid, and betaine in the thin juice are 
positively associated with potassium in the thin juice on both the non-« 
fertilized and fertilized plots and are negatively associated with potas- 
sium in the petioles. In the thin juice 79 and 90,59 and 53, and 81 and 
50 percents of the variances are accounted for by regression on the non- 
fertilized and fertilized plots,respectively, whereas in the petioles 
the values are 17 and 36, 20 and 27, and 1 and 7 percents, respectively. 
These relations can be accounted for if both. total nitrogen and potassium 
are being accumulated in the roots at the expense of the tops. If such 
is the case one would expect a negative correlation between potassium in 
the thin juice and potassium in the petioles. There is no significant 
relation between potassium in the thin juice and potassium in the petioles 
on the non-fertilized plots,but there is a relation between them on the 
fertilized plots and it is negative as expected. 


Total nitrogen, glutamic acid, and betaine inthe thin juice and 
sodium in both the thin juice and petioles are positively correlated,with 
the exception of betaine and sodium in the petioles on the fertilized plots. 
The percents of the variances accounted for by regression are 21 and 30, 

8 and 20, and 52 and 6 in the thin juice and 1) and 16, 3 and 20, and 32 
and O in the petioles. 


Total nitrogen in the thin juice and nitrate nitrogen in the petioles 
are positively correlated and the percents of the variances accounted for 
by regression are 31 and 36, respectively, for the non-fertilized and the 
fertilized plots. Phosphorus in the petioles is negatively associated 
with total nitrogen. This is true for both fertilizer treatments and the 
percentages of the variances accounted for by regression are 1] and 18 
percent, respectively, for the non-fertilized and fertilized treatments. 


All of the percentages of the variances accounted for by regression 
of total nitrogen on each of the other characters listed in table 10 are 
significantly different from zero. This follows from the fact that the 
correlation coefficients are significantly different from zero. 


On both the non-fertilized and the fertilized plots potassium in the 
thin juice is significantly associated with all the other characters with 
the exceptions of phosphorus and potassium in the petioles on the non- 
fertilized plots.’ Also the associations are all positive, with the excep- 
tion of phosphorus and potassium in the petioles’ on the fertilized plots. 
Here they are negative. Sodium in the thin juice is positively associated 
with all other characters, excepting sucrose and purity listed in table 10, 
the association being strongest for sodium in the thin juice and sodium in 
the petioles. This is in striking contrast with the behavior of potassium 
in the thin juice,which shows a negative association with potassium in the 
petioles. 
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Nitrate nitrogen in table 10 for the statistically significant values 
shows positive relations with all characters, excepting purity and betaine 
on the fertilized plots, the association with purity being negligible. 
Also the association with phosphorus and potassium in the petioles are 
negligible. Nitrate nitrogen in the petioles is rather closely associated 
with sodium in the petioles, 59 and 56 percent of the variances being 
accounted for by regression on the non-fertilized and fertilized plots, 
respectively. 


Phosphorus and potassium in the petioles will be considered together, 
as their relations with all the other characters in table 10 are very simi- 
lar. This is also true of the relations shown in table 9. Both of these 
chemical characters are negatively associated with nitrogen in the thin 
juice, are negatively associated with potassium in the thin juice on the 
fertilized plots, and show no significant relation with this character on 
the non-fertilized plots (see table 10). Both are positively associated 
with sodium in the thin juice and in the petioles. Neither phosphorus 
nor potassium in the petioles showsignificant association with nitrate 
nitrogen in the petioles. As might be expected, since these two charac- 
ters show such similar association patterns with other characters, the 
closest relations are with each other, 79 and 92 percent of the variances 
being accounted for by regression. 


Both sodium in the thin juice and sodium in the petioles show signifi- © 
cant positive associations with all. other characters listed in table 10, 
‘excepting sucrose and purity and excepting betaine on the fertilized plots. 
Their behavior patterns are very similar and,as would be expected, the 
closest associations are between sodium in the thin juice and sodium in 
the petioles, 88 and 85 percent of the variances being accounted for by 
regression. The next strongest association is with nitrate nitrogen in 
the petioles. 


The genetic correlation coefficients and the percentages of the vari-~ 
ances accounted for by regression for the eleven characters studied in 1958 
are listed in table 11. : 
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Weight of root and percentage sucrose show very little association, 
only 1 percent of the variances being accounted for by regression. Also, 
weight of root and percentage apparent purity are associated positively; 
but only 10 percent of the variances are accounted for by regression. 

The association between percentage sucrose and percentage apparent purity 
is positive,and li6 percent of the genetic variances are accounted for by 
regression. This latter association is sufficiently close to aid material~ 
ly in breeding sugar beets high in both sucrose and purity when it is found 
to occur. 


The correlation coefficients and percentages of the variances accounted 
for by regression for weight per root, percentage sucrose, and percentage 
apparent purity with total nitrogen in the thin juice; and nitrate nitro- 
gen, phosphorus, potassium, and sodium in the petioles are listed in table 
11, also. All of the correlation coefficients and, hence, percentages of 
the variances accounted for by regression involving weight per root, with 
the exception of the association with sucrose are significant at the 5% 
level. The associations with total nitrogen and the other nitrogenous 
compounds in the thin juice and phosphorus in the petioles are negative; 
whereas, those with chlorides in the thin juice and nitrate nitrogen, potas- 
sium, and sodium in the petioles are positive. For nitrate nitrogen and 
potassium the associations are fairly close, regression accounting for 69 
and 50 percent of the genetic variances, respectively. Sucrose and purity 
are negatively associated with total nitrogen and the nitrogenous com- 
pounds in the thin juice and sodium in the petioles. The associations 
with chlorides are not statistically significant. The other associations 
with the exception of sucrose and nitrate nitrogen in the petioles are 
positive. However, the correlation involving percentage sucrose and 
nitrate nitrogen is not significantly different from zero. All of the 
correlation coefficients with percentage apparent purity excepting the 
one with chlorides are significantly different from zero at the 5=percent 
level. The associations between purity and total nitrogen and glutamic 
acid are very close, 92 and 90 percent of the genetic variances being 
accounted for by regression. An examination of table shows that the 
high correlation coefficient is almost entirely due to the low purity and 
high total nitrogen of inbred 55-5307 as compared with the other popula- 
tions. In none of the other relations of sucrose and purity with the 
chemical, characters is as much as 50 percent of the genetic variance 
accounted for by regression. 


The correlation coefficients and percentage of the variances accounted 
for by regression for the chemical characters other than sucrose,for 1958, 
are listed in table 11 also. Again these values are calculated from differ- 
ences between populations and hence are genetic. Nitrogen in the thin 
juice is negatively associated with chlorides in:the thin 530i 88 Witvate 
nitrogen, phosphorus, and potassium in the petioles. The percentages of 
the variances accounted for by regression are 14, 37, 38, and 56, respec- 
tively. With the possible exceptions of nitrate nitrogen, potassium, and 
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sodium, all in the petioles, the associations involving chlorides are not 
close. However, all are statistically significant excepting those with 
sucrose, purity, and phosphorus. The percentage of the variance accounted 
for by the regression of nitrate nitrogen on phosphorus is negligible, on 
potassium is 92 percent,and on sodivm is 2 percent. The association 
between the latter two and nitrate nitrogen is positive. The association 
between phosphorus and potassium is negligible and between phosphorus and 
sodium is negative, 37 percent of the genetic variability being accounted 
for by regression. The association between potassium and sodium is posi- 
tive, 27 percent of the variability being accounted for by regression. 


Combining Ability and Dates of Harvest Tests 


The population genetic studies conducted in 1956 provided data pertain- 
ing to whether populations differ in their ability to produce maximum 
yields together with maximum percentages of sucrose. Maximum weights; per- 
centages sucrose and corresponding percentages apparent purity; concentra- 
tions of total nitrogen in the petioles for populations A5l\-1, 50-l,06BB, 
and the Fi (50-l:06 X 52-307) are listed in table 12. These may be consider- 
ed as combining ability testsof the top-cross and Fy hybrid compared with 
the commercial variety A5b-1. These data are from Powers et al (9, 
table 8). 


Table 12. Maximums for weight per root, percentage sucrose and 
corresponding percentage apparent purity, concentrations of nitrogen 
in the thin juice, and concentrations of nitrate nitrogen in the peti- 
oles at time of harvest for populations ASli-1, 50-l06BB, and Fy (50-06 
X 52-307), 1956. 
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treatment per root purity nitrogen 
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Lbs. % % Mg. Pom 
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Non-fertilized 1.66 18.) 97.0 12.6 42 

Fertilized 2.90 bel 94.2 38.6 172k 
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Non-fertilized 1.13 16.0 97.5 10.8 1,06 
F3(50-l06 X 52-307) 

Non-fertilized 1.39 18.3 97.6 8.8 37h 

Fertilized 2h9 18.5 95.5 17.8 390 
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Weight per root for A5\-1 in the replication group having the great- 
est weight is 2.90 pounds and is accompanied by 17.1 percent sucrose 
and occurs on the fertilized plots. ‘The maximum percentage sucrose for 
any replication group is 18.1, percent and is accompanied by a root weight 
of 1.66 pounds and occurs on the non-fertilized plots. For 50-l06BB the 
maximum weight per root for any replication group is 2.2h pounds, and is 
accompanied by 18.1 percent sucrose which is also the maximum percent 
sucrose for this population. On the non-fertilized plots the maximum 
percent sucrose for any replication group is 18.0 and it is accompanied 
by a root weight of 1.43 pounds. Yor the Fy hybrid the maximum weight per 
root for any replication group is 2.9 pounds which is accompanied by 
18.5 percent sucrose. This is also the maximum for percentage sucrose. 
The maximum for percentage sucrose of any replication group on the non- 
fertilized plots is 18.3 and is accompanied by a root weight of 1.39 
pounds. From these data it is evident that as regards weight per root 
and percentage sucrose A5l-1 is responding differently to the high fertil- 
ity level than are 50-l,06BB and the Fj hybrid. That is, both of these 
aybrids have the maximum weight per root and maximum percentage sucrose 
occurring in the same replication group and occurring on the. fertilized 
plots. This is not true of AS5\-1. The Fy produces as high percentage 
sucrose on the fertilized plots as does Adli-1 on the non-fertilized plots 
and the weight per root of the Fy on the fertilized plot is 50 percent 
greater than that of the Fy on the non-fertilized plot. However, on the 
fertilized plots ASh~-1 outyields the Fy hybrid in weight per root by 16 
percent. 


On the other hand, maximum yields and maximum sucroses are not accom- 
panied by the highest purities listed in table 12. In every case the 
higher purities occur on the non-fertilized plots and the highest purity 
is for the Fy hybrid. A study of the data in table 12 reveals that the 
purities are closely associated with total nitrogen in the thin juice, 
and concentrations of nitrate nitrogen in the petioles, but with the 
latter to a smaller degree. 


It is clear that the breeder can do much to improve both percentage 
sucrose and percentage apparent purity. The improvement in percentage 
sucrose will result from the fact that for certain hybrids, higher concen- 
trations of nitrogen in the thin juice, up to certain limits, is not 
accompanied by a reduction in sucrose content, as compared with other 
populations, and to the fact that certain hybrids have a lower concentra- 
tion of total nitrogen in the thin juice, as compared with other populations, 
under the same fertilizer practices (see table 2). The increase in percent- 
age apparent purity is associated with the latter phenomenon; that is, some 
populations have less total nitrogen in the thin juice than other popula- 
tions. 


These findings raise the question as to whether genotypes (populations) 
might not differ as to the length of the growing season required to obtain 
acceptable percentages of sucrose and acceptable weights per root. In 1961 
an experiment was conducted to determine whether such might be the case. 
Part of the data are tabulated in table as 
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data show that undoubtedly there are four levels of yield repre- 
veges the four populations, The Fy hybrid 52-130 X 52-08 averages 
6.2 percent lower weight per plot than does the commercial variety, 56-3. 
The yields of all populations increased from September 1); to October 3, 
but none of the population yields increased after October 3. 


The data for percentage sucrose reveals that, when harvested Septem- 
ber 1), all of the Fy hybrids have from 1.9 to 3.0 percent more sucrose 
than does A56-3, the commercial variety with which they are compared. 
Moreover, all of the hybrids had higher percentage sucrose harvested on 
September 1), than did the commercial variety harvested on October 3 and 
the sucrose content of 52-30 X 5-565 was significantly higher than that 
of AS-1. In fact, this hybrid had as high a percentage sucrose content 
harvested on September 1 as did the commercial variety harvested on 
October 16. Likewise, all of the hybrids had higher percentages sucrose 
harvested on October 3 than did the commercial variety harvested on October 
16. In the case of the first two hybrids listed, they averaged about 1 
percent higher sucrose harvested on October 3 than did the commercial 
variety harvested on October 16. Finally, the Fy hybrids harvested on 
October 16 had from 1.5 to 2.5 percent higher sucrose than did the commer- 
cial variety. It is clear that hybrid populations can be obtained that 
will have as high a percentage sucrose as this commercial variety when 
harvested from two weeks to one month earlier. 


A study of the data for yield of sugar per plot reveals that hybrid 
52-30 X 52-08 produces more sugar per plot for all 3 dates of harvest 
than does the commercial variety, and the difference for September 1) 
approaches statistical significance. Moreover, this hybrid harvested on 
September 1) produced within 9 percent as much sugar per plot as did the 
commercial variety harvested on October 3, and within 15 percent as much 
sugar per plot as did the commercial variety harvested on October 16, 
approximately one month later. Hybrid 52-30 X 52-08 harvested on October 
3 produced within percent as much sugar as did the commercial variety 
harvested on October 16. 


The fact that the hybrids studied in these researches do not have as 
great a weight per root as the commercial variety raises the problem 
whether the physiological relations between weight per root, percentage 
sucrose, and percentage apparent purity are such that hybrid populations 
cannot be obtained that will exceed the commercial variety in all three 
characters. Some information pertaining to a solution of this problem is 
provided by the data listed in table 1). The Fy hybrid exceeds the com- 
mercial variety A5-1 in weight per root, percentage sucrose and percentage 
apparent purity. The differences are statistically significant at the 5- 
percent level. The question still remains as to what extent the plant 
breeder can increase these three characters simultaneously. It is apparent 
from these data that they can be increased simultaneously under the condi- 
tions which this experiment was conducted in 1960. An amount of nitrogen 
was applied in the spring of the year which it was hoped would result in 
optimum amounts of N being availablo for the production of near maximum 
yields of roots; that is, 100 pounds of N and 250 pounds of P20, were 


applied per acre. The 250 pounds of PoOs were applied in the previous 
autumn and plowed under. . 
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Table 1). Means and their standard errors for weight per root, 
percentage sucrose, and percentage apparent purity, 1960. / 








Population Weight Sucrose Purity 
Kg. b % 
A54-1 1.12+0.031 16.940.178 91.940. 258 


Fy (52-430 X 52-307) 1.21+0.025 17.840.1,0 92.940.196 


Difference 0.09+0.00 0.940, 226 1.0+0.32) 








1/ The estimates of the standard errors include differences 
between replication means and therefore are over estimates. 
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Discussion and Conclusions 


The discussion and conclusions will be divided into environmental 
variability, phenotypic-dominance phenomena, and combining ability and 
dates of harvest tests. 


The characters studied of greatest agronomic importance are weight 
per root, percentage sucrose, and percentage apparent purity. ‘The chemi- 
cal determinations made on thin juice samples are total nitrogen, glutamic 
acid, betaine, potassium, sodium, and chloride. Total nitrogen, glutamic 
acid, betaine, and chloride are expressed as milligrams per 100 milli- 
liters of thin juice equated to a refractometer reading of 10. In the 
thin juice, potassium and sodium are expressed as parts per 100,000. ‘The 
determinations made from petiole samples are nitrate nitrogen, phosphorus, 
potassium, and sodium. They are expressed as parts per million. 


Environnental Variability 


The associations attributable to environmental variability will be 
considered first. It will be remembered that two years and five fertilizer 
treatments contributed much of the environmental variability. Weight per 
root is negatively associated with percentage sucrose and percentage ap- 
parent purity, 81 and 7); percent of the variability, respectively, of 
sucrose and purity being accounted for by that of weight per root; that is, 
on an average, the roots having the smaller weights tended to have the 
higher percentages sucrose and the higher percentages apparent purity. 


As would be expected, total nitrogen in the thin juice is positively 
associated with weight per root, 77 percent of the variability of one being 
accounted for by that of the other. However, after a certain concentra- 
tion of nitrogen in the thin juice had been reached, no further increase 
in weight per root resulted. An increase from 18.8 milligrams of nitrogen 
per 100 milliliters of thin juice to 16.8 milligrams is associated with 
an increase in weight per root from 1.93 pounds to 2.60 pounds. An in- 
crease from 16.8 milligrams of nitrogen in the thin juice to 62.9 is 
accompanied by an increase in weight per root of only 0.39 pounds and a 
decrease in percent sucrose and percent apparent purity of 2.2 and lt Qe 
respectively, Above 62.9 milligrams of nitrogen per 100 milliliters of 
thin juice, there is no further increase in weight per root. This is true 
even though a 300 pound application of N in the fertilizer increased the 
concentration of total nitrogen to 103.5 milligrams per 100 milliliters of 
thin juice. Then, in this experiment, the maximum weight per root was 
reached with a concentration of total nitrogen in the thin juice lying 
somewhere between 6.8 and 62.9 milligrams per 100 milliliters of thin 
Juice equated to a refractometer reading of 10. 


Weight per root is positively associated with nitrate nitrogen and . 
sodium in the petioles and negatively associated with phosphorus and potas- 
sium in the petioles. The association is high for phosphorus and sodiun, 
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89 and 96 percent, respectively, of the variability of weight per root 
being accounted for by the variability of these two characters. 


Percentage sucrose and percentage apparent purity will be considered 
together. These two characters are very closely associated as regards 
the environmental variability, 98 percent of the variability of one being 
accounted for by that of the other. The association is positives that is, 
an increase in percentage sucrose is accompanied, on an average, by an 
increase in percentage apparent purity. The characters most closely 
associated with sucrose and purity are total nitrogen and betaine in the 
thin juice and phosphorus in the petioles, 9 and 98, 99 and 98, and 96 
and 98 percents, respectively, of the environmental variabilities of per- 
centage sucrose and percentage apparent purity being accounted for by 
regression. The associations are negative with total nitrogen and betaine 
and positive with phosphorus. In going from 18.8 milligrams of total 
nitrogen in the thin juice to 103.5, there is a decrease from 17.9 percent 
sucrose to 13.0 percent and a corresponding decrease in percentage purity 
from 96.1 percent to 82.7 percent. The corresponding changes in betaine 
are from 89.8 mg to 190.) mg and for phosphorus are from 1798 ppm to 
1238 ppm. 


Although the increases in concentrations of nitrogen and betaine in 
the thin juice were accompanied by decreases in percentage sucrose and 
percentage apparent purity, the reductions were not marked until a concen- 
‘tration of 46.8 and 116.6 milligrams per 100 milliliters of thin juice, or 
greater, had been reached. The decreases in these two characters were not 
marked until a concentration of 1598 ppm, or lower, of phosphorus in the 
petioles had been reached. 


In relation to sucrose and apparent purity, potassium in the petioles 
follows a behavior pattern very similar to that of phosphorus. However, 
the associations are not so strong. 


Sodium in the petioles is highly associated with sucrose and purity, 
and the relation is negative. The relation is almost entirely due to 
differences between years and the differential behavior of sodium for the 
two years. In going from the non-fertilized plots in 1956 to the ferti- 
lized plots, sodium increased from 1090 parts per million of sodium in 
the petioles to 15265 parts per million; whereas, in 1958,in going from a 
50 pound application of nitrogen in the fertilizer to a 300 pound appli- 
cation, sodium decreased in the petioles from 19430 parts per million to 
18115 parts per million. Since, with increased applications -of nitrogen 
in the fertilizer, sucrose and apparent purity percentages decrease both 
within and between years, the associations with sodium and these two 
characters are negative. These results emphasize the importance of study- 
ing the data in detail when interactions are occurring, such as noted for 
sodium, years, and treatments. 
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The interrelations of the chemical characters: total nitrogen, glutamic 
acid, and betaine in the thin juice,and nitrate nitrogen, phosphorus, 
potassium, and sodium all in the petioles follow two behavior patterns. 
Total nitrogen, glutamic acid, and betaine in the thin juice, and nitrate 
nitrogen and sodium in the petioles are positively associated with each ; 
other and negatively associated with phosphorus and potassium in the petioles. 
Hence, as might be expected, phosphorus and potassium are positively assoc- 
iated with each other and negatively associated with total nitrogen, 
glutamic acid, betaine, nitrate nitrogen, and sodium. As has been shown, 
these same two behavior patterns exist as regards the relations of these 
elements with weight per root, percentage sucrose, and percentage apparent 
purity. Weight per root was positively associated with total nitrogen, 
glutamic acid, betaine, nitrate nitrogen, and sodium and negatively assoc~ 
iated with phosphorus and potassium. The reverse was true of the relation 
between these same chemical constituents and sucrose and purity. 


Before leaving a consideration of the environmental variability, it 
might be well to draw some conclusions. 


It is interesting to note that total nitrogen in the thin juice seems 
to team up with phosphorus and potassium in forming a consistent behavior 
pattern and nitrate nitrogen and sodium seem to team up to form another 
consistent behavior pattern. The relations of phosphorus and potassium in 
the petioles,with each other and particularly with other characters,are 
those expected if these two elements are associated in their absorption 
from the soil. Phosphorus is an anion and potassium is a cation. Likewise, 
the relations between nitrate nitrogen and sodium in the petioles and their 
relations with other characters are those expected if these two elements 
are associated in their absorption from the soil. Nitrate nitrogen is an 
anion and sodium is a cation. 


Genetic Variability 


emma 


Turning to a consideration of the genetic variability for 1956 which 
represents differences between populations on the fertilized plots, Weight 
of root and percentage sucrose are positively associated,but only 29 per- 
cent of the variability of one is accounted for by that of the other. 

This positive relation is due to the fact that the two hybrid populations 
have both a greater weight per root and a higher percentage sucrose than 

the two inbreds. This shows that on the fertilized plots both higher weight 
per root and higher percentage sucrose can be obtained if certain popula- 
tions are grown. However, Ad5li-1 and AS-1BB have greater weights per root 
and lower percentages of sucrose than the two hybrid populations. Hence, 
the question still remains as to what extent both grcater weight of root 

and higher percentage sucrose can be combined. The association between 
weight per root and percentage apparent purity was negligible. This indicates 
that by appropriate breeding procedures it should be possible to increase 
both weight of root and percentage apparent purity. 
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Percentage sucrose and percentage apparent purity, as is true for the 
environmental variability, are again rather highly associated positively. 
Fifty-three percent of the genetic variability of one was associated with 
that of the other. Since as percentage sucrose increased there was, on the 
average, an increase in apparent purity, the task of increasing both of 
these characters by breeding would be easier than if no relation existed. 


In studying the genetic variability it was found that total nitrogen in 
the thin juice is negatively associated with both percentage sucrose and 
apparent purity. There is a decided interaction between genotype and fertil- 
izer treatment for percentage sucrose. This is shown by comparing AS-1 and 
the Fz on both fertilizer treatments. For AS)-1 there was a reduction of 
1.1 percent in sucrose on the fertilized plots compared with the non-fertilized 
plots, whereas the percentage sucrose was the same for the Fy hybrid on both 
fertilizer treatments. A comparison of these same populations as regards 
total nitrogen in the thin juice and percentage sucrose is informative. For 
A5l-1 the percents sucrose on the non-fertilized plots and the fertilized 
plots were 17.9 and 16.8 accompanied by concentrations of nitrogen in the 
thin juice of 18.8 and 6.8. The same relations for the Fj are sucrose 17.6 
and 17.6 and nitrogen 9.8 and 21.3. It should be noted that the Fj on the 
fertilized plots does not have a materially greater concentration of total 
nitrogen in the thin juice, than does A5\-1 on the non-fertilized plots, 
the comparison being 21.3 to 18.8. Neither are the percents sucrose mater- 
ially different, 17.6 compared with 17.9. This would indicate that these 
two genotypes ‘under the environmental conditions of this experiment react 
similarly to total nitrogen in the thin juice. However, ASlj-1 has consider- 
ably more total nitrogen in the thin juice than does the Fy and 52-307 on 
the fertilized plots. Hence, populations differ as to total nitrogen in the 
thin juice under identical fertilizer treatments. These same conclusions 
hold for glutamic acid and betaine but they are not so marked for betaine. 


A comparison of 50-l,06BB and its female parent 50-06 shows that popula- 
tions do not always react the same to total nitrogen in the thin juice as 
regards percentage sucrose. On the non-fertilized and fertilized plots the 
percents sucrose for 50-06BB are 17.6 and 17.3, respectively, and the corres- 
ponding values for 50-06 are 17.) and 16.1. On the non-fertilized and 
fertilized plots the concentrations of total nitrogen for 50-l,06BB are 12.6 
and 33.6, respectively, and the corresponding values for 50-06 are 1.6 and 
31.2. This definitely represents a genotype-environment interaction, as an 
increase in milligrams of total nitrogen per 100 milliliters of thin juice 
to 33.6 for 50-06BB was accompanied by only a decrease in sucrose of 0.3 
percenty whereas, for 50-06 a corresponding increase to 31.2 was accompanied 
by a decrease in sucrose of 1.3 percent. Obviously a higher concentration 
of total nitrogen in the thin juice is accompanied by a considerably smaller 
decrease in percentage sucrose for 50-l,06BB than is the case for 50-06. 
Stating it another way, at about the same concentration of total nitrogen in 
the thin juice, 33.6 and 31.2 milligrams per 100 milliliters of thin juice, 
50-l,06BB has 17.3 percent sucrose as compared with 16.1 percent for 50-06. 
The corresponding values involving percentage apparent purity rather than 
percentage sucrose are 9).); and 92.6. Hence, not only do some populations 
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have smaller concentrations of total nitrogen in the thin juice under 
identical fertilizer treatments but some populations have a higher percent- 
age sucrose and higher percentage apparent purity than others at the same 
level of total nitrogen concentration in the thin juice. _ This conclusion 
holds for glutamic acid but not for betaine on the fertilized plots. How- 
ever, they do hold for betaine and apparent purity on the non-fertilized 
plots ° 


These comparisons do not represent exceptional cases,as is shown by 
similar comparisons involving the populations grown in 1958 (see table )). 
The Fj hybrid has 13.5 percent sucrose,’ 87.5 percent purity, 79.1 mg of 
total nitrogen, 93.6 mg, glutamic acid, and 162. mg of betaine; whereas, 
the corresponding values for A56-5BB, are 12,58, 66.6; [2.09009 -35 eng 
10.8, respectively. 


Another interesting association is that involving total nitrogen in 
the thin juice and nitrate nitrogen in the petioles on the fertilized plots. 
The populations that will be considered are A54~1, 50-06, Fy, and 52-307. 
A5l-1 is highest in total nitrogen in the thin juice (6.8): and highest in 
nitrate nitrogen in the petioles (4233), 50-06 is next highest in total 
nitrogen in the thin juice (31.2) and lowest in nitrate nitrogen in the 
petioles (2297), the Fi; is second lowest in total nitrogen in the thin juice 
(21.3) and intermediate in nitrate nitrogen in the petioles (3060) and 
finally, 52-307 is lowest in total nitrogen in the thin juice (18.6) and 
second highest in nitrate nitrogen in the petioles (36l). That these data 
do not represent an exceptional case is shown by comparing populations 
AS6-5BB, 52-30, and 55-5307 grown in 1958. ‘The data are taken from table 
as to the concentretions of total nitrogen in the thin juice and as to the 
concentrations of nitrate nitrogen in the petioles. A56-5BB has 71.2 milli- 
grams of total nitrogen per 100 milliliters of thin juice, whereas, the 
corresponding concentration of nitrate nitrogen in the petioles is 6203 52- 
30 has 73.8 milligrams of total nitrogen per 100 milliliters of thin juice, 
whereas, the corresponding concentration of nitrate nitrogen in the petioles 
is 30803 and finally, 55-5307 has 116.4 milligrams of total nitrogen per 100 
milliliters of thin juice, whereas, the corresponding concentration of 
nitrate nitrogen in the petioles is 2865. Of considerable importance is 
the fact that the percentages of sucrose and percentages of apparent purity 
are very closely associated with total nitrogen in the thin juice and not 
necessarily with nitrate nitrogen in the petioles. This conclusion holds 
for both the environmental variability and the genetic variability. 


These data show that, as regards the genetic variability, high nitrate 
nitrogen in the petioles is not necessarily associated with high total nitro- 
gen in the thin juice. Nor is high nitrate nitrogen in the petioles neces- 
sarily associated with low total nitrogen in the thin juice. Also, the same 
was found to hold for the environmental variability; but the associations 
were closer between degrees of concentration of total nitrogen in the thin. 
juice and concentrations of nitrate nitrogen in the petioles; that is, the 
exceptions to an increase in one being accompanied by an increase in the other 
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were fewer for the environmental variability than for the genetic varia- 
bility. It is clear that relative concentrations of nitrate nitrogen in 
the petioles cannot always be taken as indicative of relative concentra- 
tions of total nitrogen in the thin juice. Further, it was found that 
relative concentrations of potassium in the petioles cannot always be 

taken as an indication of relative concentrations of potassium in the 
thin juice. For example, 52-307 had 2690 ppm of potassium in the petioles 
and only 99. parts per 100,000 of potassium in the thin juice; whereas, 
Ab5l-1 had only 17695 ppm of potassium in the petioles and 133.1 parts per 
100,000 in the thin juice. This genetically controlled decrease of 133.1 
to 99. parts per 100,000 of potassium in the thin juice was accompanied 
by an increase of 1.7 percent in purity.’ 


Before leaving the associations noted between characters due to en- 
vironmental variability and those noted due to genetic variability, pat- 
terns of behavior common to both should be considered. It was found that 
nitrate nitrogen and sodium in the petioles followed one behavior pattern 
as regards their associations with other characters and phosphorus and 
potassium in the petioles another behavior pattern. In brief, nitrate 
nitrogen and sodium in the petioles are positively associated with each 
other and negatively associated with phosphorus and potassium in the peti- 
oles. likewise, phosphorus and potassium in the petioles are positively 
associated with each other and negatively associated with nitrate nitrogen - 
and sodium. These associations are interesting in connection with research 
findings of Arnon (1) and others. Arnon states that the absorption of 
phosphate would be expected to be depressed by the presence in the nutrient 
_ medium of high concentrations of rapidly absorbable anions and to be in- 
creased by an increase in the concentration of rapidly ‘absorbable cations. 
He found that the absorption of the phosohate ion by roots is hindered by 
competition with the rapidly absorbable nitrate ion. He states that 
there are many observations on the reduction of phosphate absorption in 
soils by heavy applications of nitrate nitrogen. Since nitrate nitrogen 
is an anion and sodium is a cation, it seems logical, if one is influenc- 
ing the absorption of the other, that their concentrations in the petioles 
are positively associated. Also, since phosphorus is an anion and potas- 
sium is a cation it seems logical that the concentration of these two 
elements in the petioles might be positively associated. The fact that 
the absorption of phosphorus is hindered by the nitrate anion might explain 
why the association between concentrations of phosphorus and concentra- 
tions of nitrate nitrogen in the petioles is negative. It.is interesting 
-to note that nitrate nitrogen seems to be "teamed up" with sodium and 
phosphorus with potassium. 


Finally, the associations noted for total nitrogen in the thin juice 
of the sugar beet root and potassium in the thin juice and phosphorus end 
potassium in the petioles are those expected if phosphorus and potassiu 
are involved in the metabolic and translocation processes that result in 
increased amounts of total nitrogen in the thin juice. This postulation is 
supported by the negative relation between potassium in the thin juice and 
potassium in the petioles on the fertilized plots. A comprehensive review 
of the literature and conclusions pertaining to translocation in plants is 
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given by Crafts (2). Also, Arnon (1) presents an excellent discussion 
of the translocation of phosphorus in plants. 


From a study of the means in tables 2 to 5 inclusive, it is apparent 
that all of the 13 characters listed possess both genetic and environmental 
variability. This is important as the environment can be controlled to 
some extent by fertilizer and cultural practices and the genotype can be 
controlled to a considerable extent by breeding. It is also clear that 
there are interactions between the genotypes and the environment; that 13; 
all genotypes are not reacting the same to all environments. Hence, to 
obtain high yields of sugar per acre and to obtain beets high in proces- 
sing quality the genotype and environment, and the genotype-environment 
interactions must be taken into account. <A study of the means makes it 
clear that genotype-environment interactions are of very considerable im- 
portance in determining the advances that can be made by the plant breeder. 


The fact that, as regards both the environmental and genetic varia-~ 
bilities, percentage apparent purity is negatively associated with all 
other characters in the thin juice with the possible exception of chlorides, 
and that predominantly the same is true of percentage sucrose with the ex- 
ception of purity, warrants further discussion of the genetic implications 
of these findings. First, it is evident that since the characters differ 
they must differ also in some of the genes controlling their differentia- 
tion and production. Hence, the least number of genes differentiating and 
controlling differences in percentages of sucrose and differences in percent- 
ages of purity would be the number of such characters studied in the thin 
juice samples. For the genetic variability, considering both years, the 
number of different characters studied in thin juice samples are 7. Pro- 
bably the number should be increased to 8 as percentage sucrose and percent- 
age apparent purity are somewhat closely associated in both years as 
regards the genetic variability. This does not mean that in any given 
segregating population the least number of genes differentiating any given 
population is 8. For example,hybrid populations derived by hybridizing 
closely related inbreds could be segregating for only one or a few of the 
genes differentiating one of the chemical characters. Going to the other 
extreme, segregating populations derived from very diverse genetic material 
would be expected to have many more than eight gene pairs differentiating 
percentage sucrose and differentiating percentage apparent purity. Undoubt- 
edly, genetic linkages both favorable and unfavorable to the recombination 
of genes tending to produce higher percentages of sucrose and to the recom- 
bination of genes tending to produce higher percentages of purity are 
occurring in the transmission of genes in these segregating populations 
derived from hybridization of extrenely diverse genetic material. 


Such being the case,it seems highly improbable that the populations 
being grown commercially today have obtained the maximum possible as re- 
gards either percentage sucrose or percentage apparent purity. It is still 
more improbable that the populations being grown commercially today have 
obtained the maximum possible in recombining high weisht per root, high 
percentage sucrose, and high percentage apparent purity. Some of the re- 
Searches promising the greatest remuneration to the beet sugar industry 


aye 


involves fundamental studies on the genetics of and methods of breeding 
for these three characters. 


In any breeding program, criteria for selection are important and 
the expense of the breeding program can be reduced materially if the number 
of characters used as criteria for evaluating individual plants, popula- 
tions, inbreds, etc.,can be reduced. The closeness of the association be- 
tween percentage sucrose and percentage apparent purity with each other 
and with total nitrogen and betaine in the thin juice indicates that 
perhaps either of the latter would be a rather effective criterion for 
use in breeding populations having higher percentages of sucrose and higher 
percentages of apparent purity. Of course the ideal would be to use all 
four characters as criteria for evaluating material to be used in breed- 
ing programs for improving percentage sucrose and percentage apparent 
purity of populations grown for the production of beet sugar. 


Phenotypic-Dominance Phenomena 


Phenotypic-dominance phenomena can be determined for weight per root, 
percentage sucrose, percentage apparent purity,and the concentration of 
the chemicals determined from an analysis of the thin juice and those de- 
termined from an analysis of the petioles. 


The Fy hybrid grown in 1956 exhibits heterosis for weight per root, 
percentage sucrose, and percentage apparent purity. Heterosis for weight 
per root was expected. That is, the F; was expected to possess hybrid 
vigor. That the F, would also exceed either parent in both percentage 
sucrose and percentage apparent purity was not expected, and undoubtedly is 
true of only certain hybrids. In the thin juice, total nitrogen, betaine, 
potassium, and sodium ranged in expression of the character from minus 
partial dominance to minus heterosis. Only glutamic acid exhibited plus 
dominance and this was for the fertilized plots. Since a decrease in all 
of those chemical characters in the thin juice, both as regards environ- 
mental and genetic variability, tends to be associated with an increase in 
both percentage sucrose and percentage apparent purity, it is apparent that 
the dominance phenomena exhibited by the Fy for total nitrogen, betaine, 
potassium, and sodium in the thin juice are favorable. They would be con- 
ducive to expression of heterosis for higher sucrose and higher purity as 
actually was found to be the case for this Fj. ‘he plus dominance noted 
for glutamic acid would tend to offset, somewhat, these favorable dominance 
reactions noted for the other chemical characters measured in the thin juice. 
It is interesting to note that nitrate nitrogen in the petioles on the 
fertilized plots is intermediate but that all the other chemical characters 
measured in the petioles exhibit minus partial dominance. It is apparent 
that, in general, the dominance phenomena shown by the chemical characters 
studied for this hybrid on the fertilized plots are favorable to both high 
percentage purity and to high percentage sucrose. This would indicate that 
by employing those methods of breeding designed to utilize heterosis, hybrid 
populations can be bred that are superior in weight per root, percentage 
sucrose, and percentae apparent purity to those varieties now grown for 
the manufacture of beet sugar. 
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Heterosis, dominance, partial dominance, and intermediate dominance 
are different degrees of expression of a given character due to physiologi- 
cal-genetic reactions and interactions (Powers 8). ‘That the expression of 
dominance is dependent upon both the genotype and environment has been 
demonstrated by a number of workers (Goldschmidt h); and that dominance 
may be shifted to heterosis,or vice versa, by varying either the genotype 
or the environment has been shown by Powers (7). The data in tables 6 and 7 
substantiate these deductions. Then in summary it may be said that heter-~ 
osis and dominance are different degrees of expression of the same physio- 
logical-genetic phenomena and are dependent upon both the genotype and 
environment and upon the interactions within and between them. Also, these 
studies emphasize the importance of the chemical characters and their 
interrelations in determining the phenotypic-dominance reactions of weight 
per root, percentage sucrose, and percentage apparent purity. In turn, 
these findings have a very practical application in breeding superior 
populations for use in the production of beet sugar. 
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It was found from a study of the 1956 data that the two hybrid popula- 
tions compared with a commercial variety, ¥ al showed no decrease in 
percentage sucrose or very little decrease/grown on the fertilized plots, 
as compared with the non-fertilized. ASli-1, however, showed a decrease in 
percentage sucrose when grown on the fertilized plots. The replication 

groups in this experiment varied considerably in nitrogen fertility level. 
This was shown by concentrations of nitrate nitrogen in the petioles. For 
ASh-1 (see 9 table 8), the replication groups varied from 829 parts per 
million of nitrate nitrogen in the petioles to 13,778 on the fertilized 
plots, The range was similar for the other populations. The range for 
A54-1 on the non-fertilized plots was from 52 parts per million of nitrate 
nitrogen in the petioles to 6055. Such being the situation, an opportunity 
was provided to determine whether some populations, as regards these repli- 
cation groups, are able to reach, simultaneously, the maximum mean sucrose 
content and maximum mean weight per root, whereas other populations are 

not able to do so. The data for populations A5l)-1, 50-l\06BB, and the FL 
(50-06 X 52-307) are taken from table 12. 


The maximum mean weight per root of ASy-1 for any of the replication 
groups was 2.90 pounds and the corresponding mean sucrose content was aL fied 
percent. The maximum sucrose content was 18.) percent and the correspond- 
ing weight per root was 1.66. Hence, maximum weight per root is accom- 
panied by a comparative decrease in percentage sucrose. 


For 50-06BB, the maximum mean weight per root for any of the replica- 
tion groups was 2.2) pounds and the mean sucrose content was 18.1 percent. 
The maximum mean percent sucrose content was 18.0 on the non-fertilized plots 
and the mean weight per root was 1.1)3 pounds. it is apparent that for this 
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topeross hybrid and under the conditions of this experiment, maximum mean 
weight per root and maximum mean percentage sucrose occur together. It 
will be recalled that this top-cross, hybrid 50-l,06BB, had a higher concen- 
tration of total nitrogen in the thin juice as compared with the inbred 
parent but that this higher concentration was not accompanied by a mater- 
ial reduction in percentage sucrose. 


The maximum weight per root for the Fy hybrid was 2.49 pounds and the 
corresponding percent sucrose for this replication group was 18.5, which 
was also the maximum percent sucrose of any of the replication groups 
either on the fertilized or non-fertilized plots. ‘The maximum percent 
sucrose on the non-fertilized plots was 18.3 and the corresponding weight 
per root was 1.39 pounds. Hence, the maximum weight per root and the maxi- 
mum percentage sucrose occur in the same replication group on the fertilized 
plots. It will be recalled that the Fy hybrid had a concentration of only 
21.3 milligrams per 100 milliliters of thin juice of total nitrogen as 
compared with a concentration of 6.8 for A5l4-1 grown under the same fertil-' 
izer treatment (fertilized plots). 


For these replication groups giving the maximum weights per root, the 
concentrations of total nitrogen in the thin juice are 38.6, 25.7, and AT alts 
respectively, for A5\-1, 50-l06BB, and the Fj. The corresponding parts per 
million of nitrate nitrogen in the petioles are 172, 1050, and 390,. and 
the corresponding apparent purities are 9.2, 95.3, and 95.5. These com- 
parisons are for the fertilized plots. Considering both the fertilized 
and the non-fertilized plots, the apparent purities decrease with an increase 
in total nitrogen in the thin juice from 97.8, which has 8.8 milligrams of 
nitrogen per 100 milliliters of thin juice, to 94.2 which has 38.6 milli- 
grams. It is apparent that percentage apparent purity is closely associated 
with total nitrogen in the thin juice and that comparative improvement in 
apparent purity is found in those populations which have less total nitro- 
gen in the thin juice. These favorably reacting populations are the hybrids - 
of table 12. That the higher percentage purities would be found in hybrid 
populations would have been expected from the phenotypic-dominance pheno- 
mena of the chemical characters of the thin juice listed in tables 6 and 7. 


It is clear that the breeder can do much. to improve both percentage 
sucrose and percentage apparent purity. The improvement in percentage 
sucrose will result from the fact that,for certain hybrids, higher concen- 
trations of nitrogen in the thin juice up to certain limits is not accom- 
panied by a reduction in sucrose content and to the fact, that certain 
hybrids have a lower concentration of total nitrogen in the thin juice as 
compared with other populations under the same fertilizer practices. The 
increase in percentage apparent purity is associated with the latter 
phenomenonj that is, some populations have less totel nitrogen in the thin 
juice than other populations. 


These findings raise the question as to whether populations ( genotypes) 
might not differ as to the length of the growing season required to obtain 
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acceptable percentages of sucrose and weights per root. In 1961, an experi- 
ment was conducted to determine whether such might be the case. The data 
are taken from table 13. . 


The data on weight per root show that, undoubtedly, there are four 
levels of yield represented by the four populations. The Fy hybrid 52-30 
X 52-08 averages 6.2 percent lower weight per plot than does the commercial 
variety. The yields of all populations increased from September 1) to 
October 3,but none of the population yields increased after October 3. 


The data for percentage sucrose reveal that, when harvested September 
1h, all of the Fy hybrids have from 1.9 to 3.0 percent more sucrose than 
does A56~3, the commercial variety with which they are compared. Moreover, 
all of the hybrids had higher percentage sucrose harvested on September 1) 
than did the commercial variety harvested on October 3, and the sucrose con- 
tent of 52-130 X 5-565 was significantly higher than that of A56-3. In 
fact, this hybrid had as high a percentage sucrose content harvested on 
September 1) as did the commercial variety harvested on October 16. Like- 
wise, all of the hybrids had higher percentages sucrose content harvested 
on October 3 than did the commercial variety harvested on October 16. In 
the case of the first two hybrids listed, they averaged about 1 percent 
higher suerose harvested on October 3 than did the commercial variety 
harvested on October 16. Finally, the Fy hybrids harvested on October 16 
had from 1.5 percent to 2.5 percent higher sucrose than did the. commercial 
variety. It is clear that hybrid populations can be obtained that will 
have as high a percentage sucrose as this commercial variety when harvested 
from two weeks to one month earlier. 


A study of the data for yield of sugar per plot reveals that hybrid 
52=30 X 52-08 produces more sugar per plot for all 3 dates of harvest than 
does the commercial variety, and the difference for September 1); approaches 
statistical significance. Moreover, this hybrid harvested on September 1) 
produced within 9 percent as much sugar per plot as did the commercial 
variety harvested on October 3 and within 15 percent as much sugar per plot 
as did the commercial variety harvested on October 16, approximately one 
month later. Hybrid 52-30 X 52-08 harvested on October 3 produced within 
h percent as much sugar as did the commercial variety harvested on October 
16. The importance of this behavior of Fy hybrids lies in the fact that 
by growing them, the beet sugar factories can be. operated over a longer 
period of time. By longer operation of the factories fewer beets would be 
piled and storage losses would be reduced materially. The production of 
hybrids that can be harvested fron a month to two weeks earlier would also 
reduce, considerably, the expense of harvesting beets, as by growing such 
hybrids the farmer would have more choice of the conditions under which 
the harvest would be conducted. Consequently, unfavorable weather condi- 
tions could be avoided, particularly those occurring late in the fall. 


The fact that the hybrids studied in these researches do not have as 
great a weight por root as the commercial variety raised the problem whether 
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the physiological relations between weight per root, percentage sucrose, 
and percentage apparent purity are such that hybrid populations cannot be 
obtained that will exceed the commercial variety in all three characters. 


In 1960, an experiment was conducted that provided information as’ to 
such a physiological possibility. Adl-1 and the Fj hybrid 52-30 X 52-307 
were grown in this study. The data are taken from table 1. It is readily 
apparent from the data listed in this table that the Fj hybrid exceeds the 
commercial variety in weight per root, percentage sucrose, and percentage 
apparent purity. This does not prove that this Fy hybrid will be superior 
in all three of these important agronomic characters under all environmental 
conditions, but it does prove that increases in al] three of these charac- 
ters can be obteined simultaneously. This experiment was conducted on plots 
all of which had received an application of 100 pounds of N and 250 pounds 
of Po0c. 


These results could have been predicted from the chemical-genetic stud- 
ies summarized in this article. That is, the genotype-environmental inter- 
actions, the associations of characters as regards both the environmental 
and genetic variability, and the phenotypic-dominance phenomena are more 
favorable on the average for certain hybrid populations. 


Perhaps the most important findings from these researches are that 
certain hybrid populations are more likely to have higher percentage suc- 
rose and higher percentage apparent purity over a wider range of environ- 
mental conditions than are commercial varieties. That is, they would be 
expected to perform more favorably over a period of years, over diverse 
climatic conditions represented by locations, and under different fertilizer 
and other cultural practices. This is indicated by the following findings. 
First, there is a close negative association between total nitrogen in the 
thin juice and the nitrogenous compounds and both higher percentage sucrose 
and higher percentage apparent purity. Second, some genotypes (populations) 
have higher percentage sucrose associated with higher levels of total 
nitrogen in the thin juice than do some of our commercial varieties. 
Finally, some Fj hybrids under conditions conducive to high nitrogen in the 
thin juice do not have as high a concentration of nitrogen in the thin 
juice as some of the commercial varieties. Other chemical characters 
showed behavior patterns similar to those discussed previously in this 
paragraph. 


These findings led to the postulation that some Fj hybrids would have 
higher percentage sucrose at different dates of harvest than the commer- 
cial variety and such was found to be the case. One hybrid harvested on 
September 1) had 0.3 percent higher sucrose than did the commercial variety 
on October 16. These results show that by growing certain hybrids the 
number of poor quality years would become less frequent. Moreover, when 
they did occur quality would not be as poor as it would have been if the 
old commercial varieties had been grown. Equally, if not more important is 
the fact that the hybrids would be expected to yield higher quality beets 
over a wider range of soil and climatic conditions. 
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Summary 


The most important agronomic characters studied were weight per root, 
percentage sucrose, and percentage apparent purity. Characters studied 
in the thin juice were total nitrogen, glutamic acid, beteine, potas~ 
sium, sodium, and chlorides. Characters studied in the petioles were 
nitrate nitrogen, phosphorus, potessium and sodium. These make a 

total of 13 characters. 


Primarily, this article is concerned with the interrelations of the 
characters as determined by a study of the means and simple correla- 
tion coefficients, with phenotypic-dominance phenomena and with dates 
of harvest and combining ability tests. 


The variabilities studied were those attributable to environmental 
differences and those attributable to genetic differences. 


As regards the environmental variability, weight per root, percentage 
sucrose and percentage apparent purity are very closely associated with 
each other and with total nitrogen, glutamic acid, and betaine in the 
thin juice and with phosphorus and sodium in the petioles. Weight per 
root is negatively associated with sucrose, purity, phosphorus, and 
potassium in the petioles. It is positively associated with total 
nitrogen, glutamic acid, and betaine in the thin juice and nitrate 
nitrogen and sodium in the petioles. Sucrose and purity are very 
closely associated with each other and with concentrations of phos- 
phorus in the petioles. The associations are positive. Also, sucrose 
and purity are very closely associated with nitrogen, the nitrogenous 
compounds and sodium in the thin juice, but the associations are 
negative. 


As regards the environmental variability, total nitrogen, glutamic acid, 
and betaine in the thin juice and nitrate nitrogen and sodium in the 
petioles are closely associated with each other. The associations are 
positive. They are negatively associated with phosphorus and potassium, 
the association with phosphorus being close. 


Phosphorus and potassium in the petioles are positively associated with 
each other. However, the association is not close, only 6 percent of 
the environmental variability of one being accounted for by that of 

the other. 


For the environmental variability, nitrate nitrogen and sodium in the 
petioles were found to form one behavior pattern as regards their assoc- 
iations with all other characters and with each other, and phosphorus 

and potassium in the petioles another behavior pattern. All of the 
characters with which nitrate nitrogen and sodium are associated posi- 
tively, phosphorus and potassium are associated with negatively. Further, 
all the characters with which nitrate nitrogen and sodium are assoc- 
lated with negatively, phosphorus and potassium are associated with 
positively. For these studies, increases in total nitrogen were 
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accompanied by marked increases in weight per root up to concentrations 
of 6.8 milligrams per 100 milliliters of thin juice. However, in- 
creases in concentrations of total nitrogen were not accompanied by 
increases in weight per root above a value lying somewhere between 
46.8 and 62.9 milligrams per 100 milliliters of thin juice. 


Both percentage sucrose and percentage apparent purity, as regards the 
environmental variability, continued to decrease with an increase in 
concentration of total nitrogen in the thin juice. In going from 18.8 
mg of total nitrogen in the thin juice to 103.5 mg the accompanying 
decrease in sucrose was .9 percent (from 17.9 to 13.0) and the accon- 
panying decrease in percentage apparent purity was 13. percent (from 
95.15.00) Ure Liha 


It is apparent that under the environmental conditions of this experi- 
ment excess applications of nitrogen fertilizer are not accompanied by 
increases in yields of roots. but are accompanied by material reduc- 
tions in both percentages of sucrose and percentages of purity. 


For 1956 data, the genetic variability was studied on the basis of the 
two fertilizer treatments, non-fertilized and fertilized. With a few 
exceptions, the characters are not nearly so closely associated as 
they are for the environmental variability. The only somewhat close 
associations for weight per root occur on the non-fertilized plots 

and are with percentage sucrose and with nitrate nitrogen in the peti- 
oles. The relation is positive. ‘The only very close association for 
sucrose is with betaine on the fertilized plots and the relation is 
negative. The only very close associations for percentage apparent 
purity are with betaine and potassium in the thin juice. The relations 
are negative and are for the fertilized plots. ‘The associations be- 
tween purity and sucrose and purity and total nitrogen in the thin 
juice are also somewhat close, being positive in the first case and 
negative in the second. Also, it should be noted that purity is 
negatively associated with all the other five characters of the thin 
juice. 


The associations between total nitrogen in the thin juice, glutamic 
acid, and potassivm in the thin juice are very close on both the 
fertilized and non-fertilized plots. The relations are positive. 


As regards genetic associations with other characters potassium and 
sodium in the thin juice follow very similar behavior patterns, except- 
ing the associations with phosphorus and potassium in the petioles, 

and therefore will be discussed together. The only significant nega- 
tive associations,except as noted below,are with purity on both the non- 
fertilized and fertilized plots and with percentage sucrose on the 
fertilized plots. ‘The associations of potassium in the thin juice with 
phosphorus and potassium in the petioles on the fertilized plots are 
negative also, whereas the associations of sodium in the thin juice 
with these same characters are positive. It is interesting to note 
that potassium in the thin juice is negatively associated with potassium 


Lit. 


15. 


16. 


17 


18 


wee 


- 180 - 


in the petioles; whereas, sodium in the thin juice is very closely 
associated with sodium in the petioles and the relation is positive. 


As was noted for the environmental variability, nitrate nitrogen and 
sodium in the petioles as regards the genetic variability for 1956 
follow one behavior pattern and phesphorus and potassium in the peti- 
oles another. The behavior patterns are not as marked for the genetic 
variability as they were for the environmental variability. For 
example sodium in the petioles is positively associated with phos- 
phorus and potassium in the petioles, and the correlation coefficients 
are statistically significant at the 5-percent level. Also, the 
associations of nitrate nitrogen with these same two characters are 
positive, but they are negligible. Not only are phosphorus and potas- 
sium following very similar behavior patterns, as regards their 
association with other characters, but they are very closely assoc- 
lated with each other, 79 and 92 percents of the variance of me being 
accounted for by that of the other on the non-fertilized and fertilized 
plots, respectively. 


The 1958 data pertaining to relations between characters determined 
from a study of the genetic variability become more meaningful when 
compared with the corresponding 1956 data. 


In 1958, weight per root is negatively associated with total nitrogen 
in the thin juice, whereas in 1956 the association is positive. It 

is clear that the populations grown in 1958 are not behaving the same 
as the populations grown in 1956 as regards the relation between weight 
per root and total nitrogen in the thin juice. 


The data for both 1958 and for 1956 on the fertilized plots show that 
percentages sucrose and percentages apparent purity are negatively 
associated with total nitrogen in the thin juice. In 1958 both of 
these characters are positively associated with phosphorus and potas- 
sium in the petioles and negatively associated with sodium in the 
petioles. As regards the genetic variability in 1956 sucrose is 
negatively associated with phosphorus and potassium in the petioles 
and the relation with sodium is negligible. 


For 1958 total nitrogen in the thin juice is negatively associated 
with nitrate nitrogen, phosphorus, and potassium in the petioles and 
positively associated with sodium. However, the association with 
sodium is negligible. The association of total nitrogen in the thin 
juice and nitrate nitrogen in the petioles is the Opposite of that 
for these seme two characters in 1956, as regards the genetic varia- 
bility. It must be kept in mind thet the populations which provide 


the differences giving rise to the genetic variability are not the 
same for the two years. 


Nitrate nitrogen in 1958 is very closely associated with potassium in 
the petioles and to a smaller degree with sodium. ‘The associations of 
nitrate nitrogen with phosphorus are negligible in both 1958 and 1956. 
Also, the association with potassium is negligible in 1956. 
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For the genetic variability, phosphorus and potassium in the petioles 
are positively associated in both 1958 and 1956, the association being 
negligible in 1958 and very close in 1956. It must be kept in mind 
that the populations differed for the two years. Phosphorus and sodium 
are negatively associated in 1958 and positively associated in 1956. 
Potassium and sodium are positively associated in both years and to 
about the same degree. 


Considering all of the associations studied, both environmental and 
genetic, the most consistent relations involving percentage sucrose 

and percentage apparent purity are those with each other and those 
with total nitrogen and betaine in the thin juice. With each other 

the associations are positive and with total nitrogen and betaine the 
associations are negative. For the environmental variability the 
degree of association is very high, the least amount of the varia- 
bility accounted for by regression being 9 percent. For the genetic 
variability in 1956 the association between sucrose and total nitrogen 
is negligible on the fertilized plots. The same is true of sucrose and 
betaine in 1958. This indicates that some populations produce higher 
percentage sucrose at the same or higher concentrations of total nitro- 
gen and betaine in the thin juice than do other populations. Such was 
found to be the case. The same was found to be true as regards purity 
with total nitrogen and betaine. 


Also, it was found that some populations had as low concentrations of 
total nitrogen in the thin juice on the fertilized plots as other 
populations had on the non-fertilized plots. Further,for such popula- 
tions there was no material reduction in the percentages of sucrose in 
going from the non-fertilized to the fertilized plots. 


It was found that relative concentrations of nitrate nitrogen in the 
petioles could not always be taken as an indication of relative concen- 
trations of total nitrogen in the thin juice. For example, 55-5307 
grown in 1958 has the lowest concentration (2865 ppm) of nitrate nitro- 
gen in the petioles and the highest concentration (116. mg) of total 
nitrogen in the thin juice; whereas, A56-5BB has the highest concen- 
tration (62,0 ppm) of nitrate nitrogen in the petioles and the lowest 
concentration (71.2 mg) of total nitrogen in the thin juice. This 

was not a lone case as similar behavior patterns were found for popula- 
tions grown in 1956. This finding has an important bearing on the 
breeding of high quality sugar beets. It means that populations can 
be bred which have comparatively higher concentrations of total nitro- 
gen in the thin juice without a material reduction of percentage sucrose 
as compared with other populations. It will be recalled that total 
nitrogen in the thin juice is very closely associated with higher 
percentages of apparent purity. 


Also, it was found that relative concentrations of potassium in the 
petioles cannot always be taken as an indication of relative concentra- 
tions of potassium in the thin juice. For example, 52-307 had 2690 
ppm of potassium in the petioles and only 99. parts per 100,000 of 
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potassium in the thin juice; whereas A5\-1 had 17695 ppm of potassium 
in the petioles and 133.1 parts per 100,000 of potassium in the thin 
juice. This genetically controlled decrease of 133.1 to 99.h parts 
per 100,000 of potassium in the thin juice was accompanied by an . 
increase of 1.7 percent in pority. 


It was found that relative concentrations of sodium in the petioles 
was a fairly reliable indicator of relative concentrations of sodium 
in the thin juice. 


With the exception of glutamic acid on the fertilized plots in 1956, 
it was found that the phenotypic-dominance phenomena of the chemical 
characters in the thin juice are favorable to both higher percentage 
sucrose and higher percentage apparent purity. That is the Fy as 
compared to the two inbreds showed partial dominance, complete domin- 
ance, or heterosis for lower concentrations of the respective chemical 
in the thin juice. This was true for both of the Fy hybrids grown in 
the two different years. 


These results involving studies of the genetic variability and pheno- 
typic dominance phenomena indicate that it is possible to breed hybrids 
that have higher percentages of sucrose than our better commercial 
varieties at earlier dates of harvest. Such was found to be the case. 
One hybrid had as high percentage sucrose when harvested on September 
1), 1961,'as did A56-3, a commercial variety, when harvested on October 
16, approximately one month later. None of the Fy hybrids were equal 
to A56~3 in yield of roots, but one was fully the equal of A56-3 in 
yield of sugar per plot. 


The studies reported in this article indicate that it should be possible 
to breed hybrid populations that are superior to A56-3 in weight per 
root, percentage sucrose, and percentage apparent purity. Such was 
found to be the case for one hybrid grown in 1960. It surpassed A56-3 
in all three characters and the differences were statistically signi- 
ficant. 


From these studies it is apparent that to obtain maximum returns for 
both the farmer and the processor of beet sugar, populations of sugar 
beets adapted to production at higher fertility levels and adapted to 
other environmental conditions, such as different climates and loca- 
tions, must be bred. If the maximum returns are to be realized, proper 
fertilizer and other cultural practices must be followed in growing of 
these superior populations of sugar beets. It does not seem likely, 

if at all possible, that populations, hybrids or otherwise, can be bred 
that will produce satisfactory percentages of sucrose and satisfactory 
percentages of apparent purity when indiscriminate use of nitrogenous 
fertilizers is practiced. It seems alnost certain that the populations 
grown in the future to produce beet sugar will be varieties or hybrids 
bred to take advantage of the favorable phenotypic-dominance phenomena 
found in these studies to be occurring. 


(1) 


(2) 


(3) 
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RELATIONSHIPS OF WEIGHT PER ROOT WITH FIVE CHEMICAL 


CHARACTERS IN SUGAR BEETSL22239/4 


The purpose of this study is to investigate methods of elucidating 
interrelationships of dependent and independent variables and describing 
their mutual response within populations of sugar beets as they are af= 
fected by their environment. Hence, the variability studied is primarily 
‘environmental, involving differences between replications within popula- 
tions and differences between fertilizer treatments. 
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Materials and Methods 


From previous work with the 1956 population genetics study conducted 
at this station by Dr. LeRoy Powers it was decided to investigate further 
the environmental relationships of weight per root (Y) with the follow- 
ing five chemical characters of the thin juice: 


Xx, = total nitrogen 


X, = sodium 


X, = potassiun 


5 
X), = glutamic acid 


X = betaine 
Total nitrogen, glutamic acid, and betaine are expressed in milligrams per 
100 milliliters of thin juice equated to a refractometer reading of ten. 
Sodium and potassium are expressed in parts per 100,000. The design and 
details of the experiment have been thoroughly discussed in other papers, 
particularly Powers, Robertson, Whitney, and Schmehl (3). Briefly, the 
experiment consisted of six populations (three segregating and three non- 
segregating), two nitrogen fertility levels, and 0 replications under 
each treatment. This report considers only weight per root as a dependent 
variable. It will later be expanded to include the dependent variables 
percentage sucrose and percentage apparent purity. 


Based on the environmental interrelationships of root weight and the 
above chemical characters, threshold values for the independent variables 
(X,) are of primary interest, principally agronomic or applied in nature. 
These threshold values define the points in the n-dimensional space, in 
terms of the independent variables (X,), at which the dependent variable 
(Y), weight per root, reaches its maximum. In the interest of clarity the 
five chemical characters will be referred to in this study as being inde- 
pendent variables; independent, that is,of weight per root. From the 
nature of the characters under consideration it is not clear that they are 
completely independent of root weight and they are not likely to be com 
pletely independent of each other. However, this is not expected to af- 
fect unduly the biological interpretations, 


If one were able to generate a mathematical model which fully described 
the response function of Y and the X., then one would also be able to accu- 
rately predict the values for Xx, which would produce the maximum Y if one 
exists. Of course it is not conceivable that a mathematical model could be 
developed which would account for 100 percent of the variability in Y, but 
perhaps models could be found which might account for an important part of 
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the total variability. If so, one may be able to predict with some satis- 
factory degree of accuracy the values for Xj which would produce the max- 

imum Y, This could then lead through management and breeding practices to 
regulation of the independent variables in achieving this maximum Y. Cer~ 
tain of the independent variables of the economically important characters 
in sugar beets are regulatable both through breeding and cultural practice, 
as has been demonstrated previously in work at this station and by others. 


In this study two mathematical models are considered in an attempt 
to describe the response function of weight per root (Y) on the five inde- 
pendent variables (X;) listed above. The two polynomial multiple regres- 
Sion models are used in estimating corresponding threshold values. Com~ 
parisons are also made between the multiple correlation coefficients and 
the simple correlation coefficients. These comparisons are made on among- 
plot correlations and regressions both within treatments and over treat- 
mentse By using among-plot relationships the primary emphasis of this 
study is on environmental aspects, although certain genetic aspects (dif~ 
ferences between populations) are considered. These among-plot relation~ 
ships are calculated using plot totals. Plot means could also be used, 


The first of the two models considered is a quadratic multiple re~ 
gression model of the form: 


Y= a+ by X1 + bo Xo + bg X3 + bj X, + bg Xp + 


2 2 


Cy XH“ + Co Xp% + C3 X3° + Cc) x), + Cg X.2 . {1] 


Interaction terms such as Xj Xo, Xy Xn*, etc., could also be included in 
this regression model, However, a preliminary examination of the data 
and the biological considerations indicated that this additional refine- 
ment was unnecessary. 


The estimated values for Xj (i.e. kj, Xo, Xa, Xys Xs) at which the 
maximum (or minimum) Y value is obtained is calculate by differentiating 
the multiple regression equation in [1] with respect to each Xi, setting 
the resulting derivatives equal to zero, and then solving for Xj in 
terms of the regression coefficients. Thus, in general from the esti- 
mated value for Xj yielding a maximum Y is obtained from the formula: 

-by 


Lever Boqr [2] 


The conficence interval for Xj at the 1 -.<significance level is 
developed from Kenney and Keeping, Part 2, (p. 337) (1) and is found by 
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solving for the roots of the following quadratic equation in arr 


pe (ht2 s2 ac? =) cf) + \ (yt? 52 at? oh bs cy) + (t2 5? qc bs) = 0 
(3) 


where t is Student'st at the desired significance level, s* is the vari-~ 
ance of the estimate from the multiple regression analysis, atJ is the re 
spective element of the inverse matrix in the regression analysis, and bs 
and cy are regression coefficients from the miltiple regression equation [1]. 


Since the quadratic multiple regression model, equation [1], can re= 
sult in non-realistic values for the estimated threshold values (i.e., 
negative values for %4 or extremely large values for Xi)s a second mathe 
matical model is considered, Based on biological grounds it is not un- 
reasonable to consider that: 


pumctay *€a5 


where e is the Napierian base 2.71828 »- »« » , In fact from an examination 
of the distribution of the data this exponential model would seem to fit 
the biological situation being considered more realistically than the quad- 
ratic model, particularly when considering percentage sucrose and percent- 
- age apparent purity. For Xi 420, by >O0, and c,<0, the above function is 
bounded on the left by zero and it approaches zero as the value of Xy 
becomes large. For example, in a two-dimensional space the function vp 
being forced through the origin on the left and is made asymptotic to the 
X axis on the right. Certainly, it is reasonable to assume that if any 
of the Xj being considered in this study were at zero there would be no 
root. Also, with increasing amounts of any X; above the optimum, root 
weight would be expected to decrease and finally approach zero even though 
this optimum point may be beyond any achievable root yield. When bz <0 
and/or ¢; >0 the function in general has no maximum. 


Although this function should tend to locate more realistically the 
estimates of the points at which the maxima occur in the six-dimensional 
space under consideration in this study, it is not known that the follow- 
ing predictive equation for the five chemical characters has a sound 
biological basis: 


by bp b3 by be Cy Xq +09X9+03X3+C),X) +e Xo 


ee al Xo X3 X), Xe e [5] 
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In other words it is not known whether the variables really act in a multi- 
plicative manner or whether their action is additive,as in the quadratic 
model, or a combination of additive and multiplicative action, or any of a 
host of scales on which they may perform, It cannot be hoped that a 
mathematical model will duplicate the action within the plant, but the model 
may approximate its end result. 


The estimated value for X; resulting in a maximum value of Y for this 
exponential model is: 


A “b; 
Xx, oS 
SF 





[6] 


This equation is obtained by differentiating the equation in [5] with re- 
spect to each Xy5 setting the resulting derivatives equal to zero, and ~ 
then solving for X; in terms of the regression coefficients. 


The confidence interval for X; in [6] is developed in an analogous 
manner to that of equation [3]. The interval formula is just twice that 
of equation (3). 


As in the quadratic model, interaction terms could be included in 
this exponential model but the significance of such terms is not clear. 
The meaningfulness of any term should be evaluated before it is included 
in the model. 


When equation [5] is converted to natural log form so that it may be 
treated by least squares it takes the following form: 


log Y =a! + b, log X, + by log X, + bs log x, + ah log x + be Log X, 


+ cy x + Cy X,, + C3 x, + sa x + Cy x [7] 


where a! = log a. This in no way changes the estimated threshold values 
from equation [6]. 


Other models could be developed which might be of interest,but the 
justification for using any regression model must come from biological 
considerations, There does appear to be a biological basis for a curvi- 
linear relationship of these five thin juice chemical characters (Xy5 Xo» 
X2, X), and X.) with the economically important character weight per root 
(t. lithe quadratic and exponential relationships used in this study were 
considered as approximations to the true form of theresponse curvee 


It should be noted that even though the range in the chemical char 
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acters was wide enough to permit this study, insufficient low values were 
obtained to fully investigate the form of the response curve in certain 
populations. The low values necessary would be below those found in com= 
mercial fields of sugar beets, It should be further noted that without 
the relatively large number of replicates used for the 1956 experiment 

and without the relatively large differences in replicates, this study 
would have been impossible, The fact that the last group of replicates 
differed widely from the rest [see Powers, Robertson, Whitney, and Schmeh1 
(1958), table 8] (3) and the fact that two fertilizer treatments were in- 
cluded was of paramount importance to a study of this natures Also, the 
inclusion of two fertilizer treatments was a necessity to obtain a greater 
range in the characters measurede 


Results 


The regression model given by equation [1] was applied to the 1956 
data for weight per root with the five chemical characters nitrogen (X;), 
sodium (Xo), potassium (X,), glutamic acid (X)), and betaine (X,) for each 
of the six populations ovér treatments. The bartiall regression’coeffie 
cients and their standard errors using the 80 plot totals are given in 
table 1. As regards the populations, A5l-1 is a commercial variety, 
ASl|~1BB is a broad base population resulting from AS5h-]. being used as a 
female parent with 22 other pollinators, 50-l;\06BB was developed in the 
same manner with the inbred 50-06 being used as the female parent, 501,06 
and 52-307 are inbreds, and the Fj hybrid resulted from crossing these 
two inbredse 


In table 2 a comparison is made of the simple correlation coefficients 
squared, and the multiple correlation coe*ficients squared for the five 
chemical characters and their squares with weight per root for each pop- 
ulation among plots. Also included in table 2 are the threshold values of 
the five characters for maximum weight per root and the means of the plot 
totals over treatments and within populations. The threshold estimates 
are calculated from equation [2]. These estimates are designated in the 
tables as X. It will be found that these estimates do not always cor- 
respond exactly with estimates calculated directly from table 1. This is 
due to the rounding off of the regression coefficients in table 1. It 
was necessary to use the original eight decimal regression coefficients 
in calculating the threshold estimates to avoid division by zero in a few 
cases. Also this is the case in tables ); and 6, 
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Table 2 Simple correlation coefficients squared, multiple correlation coefficients squared; 
estimated threshold values for maximum root weight, and means of plot totals for — 
five chemical characters using regression equation [1]. 








Popula-  Statis- _ == Character (among 80 plots) , 
tion tic % D X3 %, Xe Reo ca. 
AS 1 
0.617 
re 0.355 0.226 0.289 0.365 0.392 
Kiax 57406 += 335.667 3691..000 9b} 0625 7534750 
i, 262.629 299.425 1022.938 371.0851 825 «336 
A5)-1BB 
0 ; 0 efl9 
04123 0.276 1 0.251 0.359 0.422 
a 26.918 2924212 «976.600 195.679  . 802.50 
Fy hybrid 
5 0.701 
0.238 0.076 0.210 0.121 0.575 
a 224.756 273.294 8926330 29.h23m «294124750 
X 124.571 213.300 791662 85.718 610. 
soos ; he 
9 0.387 
: 0.147 0,065 0.222 0.036 0.302 
Xrax 238.082 526750 995 4167 82.15m  —-27565.505m 
x 183.218 203.200 905 .612 101.36 772 
50-~l,06BB “4 fe ber 
2 0.608 
r 0.15) 0.02 0.146 0.078 0,369 
Rrax 3364029 5)8.958m =: 839.56 7m 510,864m  2263125.727 
X 18.812 201.) 87.52 ‘ : 
9307 xy 475 472525 208.545 703 969 
0.599 
r° 0.100 0.257 0.070 0.301 0.483 
ee 63.291m 379.812 540.600 393268.649m 1527 .000 
ty 118.790 276.900 82h, .550 52.018 753.692 





1/ m indicates that the estimate is not a maximun. 


Be Sasa 


In table 1, X¢ through Xig represent the squares of Xj through Xo. 
In table 2 the correlation coefficients for X6 through X 0 are not in- 
cluded. They do not affect the biological conclusions, they merely show 
that the quadratic terms are lending some additional refinement in de~ 
scribing the true response function. In those cases examined, they are 
less than r@ for their linear term. 


The computational procedures for this type of multiple regression can 
be obtained from Snedecor (5) or other references on multiple regression. 
An IBM 1620 computer was used in obtaining these multiple regressions. It 
is imperative that computing equipment be available for use in this type 
analysis as simultaneous solutions of several equations in several unknowns 
are required, 


Using plot totals to estimate the partial regressions and multiple 
correlation coefficients within populations results in estimates of envie~ 
ronmental regression of weight per root on the five chemical characters 
since the genetic variation in the plot totals (or means) is very small 
compared to the environmental variation. Hence, these regressions may be 
considered to be estimates of the environmental relationships among char~ 
acters for each population. The comparison across populations does, how- 
ever, afford genetic comparisons. For example, it is interesting to note 
in table 1 that for the populations AS5-1 and 50-06 compared with ASlj-1BB 
and 50-l06BB, eight out of eight of the partial regression coefficients 
which were significantly greater than zero occurred in the broad base 
material (A5)\-1BB and 50-l,06BB). Furthermore, there are significant dif- 
ferences between the broad base material and the parent material for the 
partial regression coefficients. For example, for nitrogen (X,): 


f, = 02080373 + 04116938 - 0.017837 = Oo0hO5h2 2 5 3360 


0.018087¢+ 0.0229062+ 0.0207512+ 0.021238 


& = 343309 7% o1 ooar 


Without exception, whenever the partial regression coefficient for the 
linear effect is significant the corresponding partial regression coef-= 
ficient for the quadratic effect is significant. The genetic explanation 
of these facts is not immediately apparent. 


From a study of the correlations in table 2, there appears to be 
"heterosis" for the multiple regression coefficient squared in the Fy as 
compared to its parents. In other words, the five independent variables 
being considered account for a greater percentage of the variability of 
root weight in the F, than in either of its parents. This could be due 
to a homeostatic ability of the F, to remain more constant, in its uptake 
and manufacture of the chemicals measured, over the range of environments 
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encountered. However, before such conclusions can be definitely drawn, 
additional biological information is required regarding the biochemistry 
and physiology of sugar beets. 


Another fact, without apparent explanation, is that in table 2 betaine 
(Xv) has the highest simple correlation coefficient squared for five pop- 
ulations and is not different than that for nitrogen (X 1) in the sixth 
population (A5)\-1BB). The simple correlation coefficient squared of nitro- 
gen with weight per root is second highest for three populations and not 
different than betaine for the highest rank in A5)-1BB. Thus, among these 
five chemical characters when considering each character singly and ignor- 
ing all others, it would seem that betaine is the best single predictor of 
weight per root with total nitrogen being second. There is little differ- 
ence between sodium, potassium, and glutamic acid in this regard. There 
would appear to be some genetic differences in the association of the five 
chemical characters as they affect weight per root. Therefore, the effect 
of the environment on the relationship between weight per root and chem- 
ical characters might be modified by breeding. 


Returning to environmental relationships between weight per root and 
the five chemical characters, in table 2, except for inbred 50-106, be- 
tween 60 percent and 70 percent (R2) of the environmental variation in 
weight per root is accounted for by variation in the five chemical char- 
acters. Thus, except for 50-106, only 30 percent to 0 percent of the 
variation is left unexplained by other independent variables, perhaps 
- other amino acids, phosphorus, etc, 


In considering the threshold values of the five chemical characters 
for maximum weight per root in table 2, it is apparent from examining 
equation [2] and from conditions previously stated that from the multiple 
regression analysis, the regression coefficient of X1, X25 X3, Xy, or X5 must 
be positive and that of its square, Xé, X75 Xgy Xo, Qr X19, must be nega- 
tive, These conditions are necessary in order that Ry be a valid esti- 
mate of the threshold point of any chemical character. The sign of these 
regression coefficients is dependent upon the distribution of the data in 
which it occurs, Thus, if the data range of a particular chemical char- 
acter could be extended it might change the signs of the regression co- 
efficients and in so doing allow a more satisfactory fit to the regression 
model used, although this cannot be presupposed. Those threshold estimates 
which cannot be considered valid are suffixed in the tables by the letter 
m. Hence, 11 of the 30 threshold estimates in table 2 are not valid esti- 
mates of the point on X; at which root weight should theoretically reach 
a maximums The other 19 threshold estimates should be valid. The few un- 
realistically large estimates result from the fact that within the range 
of the data studied the point on Xj was never reached at which root weight 
commenced to be depressed. The means of the plot totals are included in 
this table to allow relative comparisons to the threshold estimates. The 
proximity of the mean and the threshold estimate are, however, no criterion 
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for evaluating the accuracy of the threshold estimate. 


The confidence intervals for these estimates can be calculated from 
equation [3]. It will be noted from table 2 that there are differences 
between populations in considering a single independent variable. For 
example, the threshold value for total nitrogen (X;) varies from 22.756 
for the Fy to 557.106 for Abl-l., For nitrogen the data for the entire 
experiment ranges from about 40 to 960. Within each population the data 
ranges from about 50 to 35 for the Fy and from about 70 to 735 for Adl~1. 
Therefore, the populations differ considerably in the point at which more 
nitrogen in the thin juice starts to depress root weight. It is also 
noted in considering the threshold value of total nitrogen for the Fy that 
it is near the threshold value of its parent 50-06. But in considering 
sodium (Xj) the threshold value of the F, is nearer its parent 52=307 6 
This comparison cannot be carried iivoten the remaining characters as at 
least one of the populations under each character has an unrealistic 
threshold values 


In general these threshold values fall within the range of the data 
for each population and should, therefore, be useful as estimates of the 
points at which the chemical constituents commence to depress root weighte 
In those cases where the mathematical model does not approximate the true 
response function of the chemical character within the plant, the estimate 

of the threshold value is not valid. 


The information in tables 3 and result from application of the re- 
gression model given by equation {1] to each of the six populations with- 
in treatments. 


In table 3 it will be noted that those partial regression coefficients 
which are significantly different from zero, with one exception, occur in 
the nonefertilized treatment. An apparent explanation of this lacking, 
since the range of the data for each X; was in general shorter in the non- 
fertilized than in the fertilized treatment. 
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Table is a comparison within treatments and within populations of 
the multiple correlation coefficients squared, the simple correlation co-= 
efficients squared, threshold estimates of X;, and means of the plot 
totalse, Under non-fertilized conditions, between 9 percent and 72 per- 
cent (R*) of the environmental variation in root weight for the six pop- 
ulations is accounted for by variation in the five chemical characters, 
Under fertilized conditions only 26 to hl percent of the environmental 
variation is accounted for by variation in the five independent variables. 
For every population under the fertilized treatment the multiple cor- 
relation coefficient (R“) is lower than in table 2 where the treatments 
were ignored. However, under the non-fertilized treatment R@ is greater 
in certain populations than it was in table 2, namely ASI-1, 50-106, and 
52-307e It is equal in the Fy and less in ASi-1BB and 50-06BB. Hence, 
in general, under the conditions of this experiment, when only non-fer- 
tilized treatments are considered these five chemical characters account 
for a greater percentage of the environmental variability in root weight 
than when considered across treatments. In other words, the greatest 
amount of variability in root weight would seem to be accounted for by 
analysing only within the non-fertilized treatment. 


The threshold values derived using equation [2] are listed in table 
h. In most cases where the regression model resulted in realistic esti- 
mates of the threshold values, it is noted that the estimate is higher 
under the fertilized than under the non-fertilized treatment, Also, in 
most cases where there is a realistic estimate of the point at which root 
weight is a maximum, the threshold estimate in table 2 is found to be be-~ 
tween the two corresponding estimates in table ), This logically suggests 
that those estimates in table 2 are probably more accurate than those of 
table 4, since there are twice as many observations on which the regres= 
sion is calculated and the range of the data across treatments is greater 
than the range of the data within either treatment. 
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Table |, Simple correlation coefficients squared, multiple correlation coefficients squared, esti- 
mated threshold values for maximum root weight, and means of plot totals for five chemical 
characters using regression equation [1]. 








Population Statistic Character (among 0 plots) 
and G X %3 X, % Roo 
treatment 
ASh=1 
Non-fertilized 0.700 
2 0.228 0.2h7 0.437 0.172 0.360 
Xan 350.98 88,306m!/ 700.60hm 209.109 6784730m 
X 150.800 215.875 980.875 102.765 718.170 
Fertilised 0.261 
r? 0,025 0,003 0.131 0.0L 0.006 
tt 1007.308m  1513.658m  1722.295 -330.280m  14h7,852m 
X 374.458 382.975 —:1065.000 640.938  —- 932.502 
A54~1BB 
Non-fertilised 0.570 
r? 0.313 0.278 0.127 0.143 0.096 
Kyax «72252996m = 31.6739 5324116 128.231 827.287 
X 135.502 196.975 915.450 60.885 684.192 
Fertilized 0.333 
x2 0.005 0.002 0.079 0.019 0.003 
Xnax 460.Lh6m 309.945 1297-506 470.121 ~ 900.565 
X 358.332 387.450  1037.750 330.472 920.888 
hybrid 
Non-fertilized 0,718 
re 0.253 0.227 0.365 0.22h 0.277 
pO 100 22 92.690  610.671m = -14.36m 551.679 
Xy 78 £530 158.975 767.6975 27.785 410.330 
Fertilized Oks 
r@ 0.919 0.100 0.058 0,059 0.072 
a 3094338m 291.950 1009.18 526.867m 898.789 
X 170.612 267 625 81),.950 143.650 810 .)20 
50-106 
Non-fertilized 0,1,88 
re 0.022 0.056 0.22 0,002 0.073 
7 119.679 129.201m  763.611m ~6,706m 92.83 
ra 116.500 138.875 = 830.275 64.048 587.145 
Fertilized 0.276 
x2 0.018 0.075 0.026 0.002 0.002 
Krax «7932095m = 466.917m 8494263 ~1657.859m = —9966292m 
Xy 249.935 267 6525 980.950 138.682  1002.100 
50-06BB 
Non-fertilized 0.491 
re 0.186 0.12 0.29) 0.061 0.087 
ine 132.971  185,335m 1319.793 66.234m  3120.606m 
% 100.945 150.950 794.725 51.065 —558.9h5 
Fertilized ; 0,108 
x? 0.123 0.215 0.014 0,120 0.004 
i 220,303 = =458.277m =: 685 089m 329.512m 859.784 
Ky 268 .678 252.000 900.325 366 .025 848.992 
52-307 
Non-fertilized 0.714 
r2 0.401 0.199 0.006 0.28 0.196 
xan 78.496m 325.998 89,558 32.357 —- 354.260m 
Xy 88.555 206.775 85h 050 23.878 638 .090 
Fertilized 0.263 
r2 0.045 0,000 0.009 0.01, . 0.039 
Lnax 432502350 = 732.343m =1722.678m = -135,8h6m = 126.520 
X, 19.025 37.025 795.4050 80.158 869 6295 





V/ m indicates that the estimate is not a maximm, 
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In the non-fertilized treatment there are only 15 threshold esti- 
mates, (table )), which could be maximums and which, therefore, are valid. 
In the fertilized treatment there are only 13 which could be maximums, 
Hence, this would indicate a better fit of the data to the regression model 
when treatments are ignored. This is true in spite of the fact that 
slightly more variation in root weight is accounted for by the X; within 
the non~fertilized treatment than across treatments. 


The exponential regression model given in equation [5] was applied to 
the same data for weight per root with the five chemical characters for 
each of the six population over treatments. This information appears in 
tables 5 and 6. 


After examining some of the actual distributions of plot totals for 
root weight with the independent variables (X;), it would appear that this 
exponential regression model may not be a substantially better approximation 
of the actual response function than was the quadratic regression model. 
However, it would appear to be a better approximation when considering 
percentage sucrose and percentage apparent purity with the five chemical 
characterse This will not be examined in this portion of the study. 


In table 5 the coefficient of the log term for total nitrogen (Xj in 
the table) is significantly different than zero in three populations. 
The only other significant coefficients occur in the inbred 52-307. This 
dearth of significance among these partial regression coefficients is 
not, however, an indication of a lack of correspondence of the actual re- 
sponse function and the mathematical model. 


From table 6 it is possible to get some indication of the merit of 
the exponential regression model in describing the true response function 
of the X: on root weight. With the exception of the inbred 50-06, between 
65 and 7 percent (R2) of the environmental variation in root weight is 
accounted for by the variation in the five chemical characters. Thus, 
only 25 to 35 percent of the variation is left unexplained by other inde- 
pendent variables which affect root weight. In 50-106 only 0 percent of 
the variation is accounted for by the variation in the X;. These multiple 
correlation coefficients correspond quite closely to those in table 2 but 
are in general higher. ‘This would indicate that the exponential regression 
equation [5] is a better approximation to the true response function of 
root weight to the five chemical characterse 
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Table 6 Simple correlation coefficients squared, multiple correlation coeffi- 





cients squared, estimated threshold values for maximum root weight, 
and means of plot totals for five chemical characters 


equation [5]. 


, using regression 


aasneaeemeennamenesteenemescneneneetan ee 





opula- Statis- Character (among 80 plots) 
tion tice Sam iy X X3 X Xe a 
AS 1 
0 0.653 
r 0.505 0.39h 0.318 0.193 , 0.109 
Rrax 397.963 286.31 3832.18 -71.76im2/ -3132159m 
X, 262.629 299.125: 1022.938 += 371.851 =: 825..336 
A5-1LBB 
0.691 
r? 0.609 0.378 0.250 0.507 0.63 
Knox 686.881 211.426 = 955.767m = 77h ol)17 831.326 
Ky 26.918 292.212 976.600 195.679 802.50 
Fy hybrid 
0.76 
a 0.181 0.179 0.2h,1 0.185 0.575 
Xnax 2290055 = 13067 = Uy 5.164 = 120.045 = - 206.8 25m 
a 12.571 213.300 791.462 85.718 610.375 
50-06 
0.0) 
re 0.272 0.151 0.257 0.126 0.341 
ee oe as 550539 = 923.606m = 33.856m = =7528.927m 
X; 183.218 203.200 905.612 101.365 791.772 
0-06BB 
oS : 0.67 
re 0.10 0.113 0.182 0.30 0.23 
Kiax «4754785 = =59.628m —618.164m ~305.108m 646.186 
Xs 184.811 201.475 847.525 208.55 703.969 
52-307 
0.664 
re 0.132 0.391 0.061 0.392 0.116 
Ee ee Oeste a S60. se ee OU TeCOT 55.599 972.991 
X5 118.790 276.900 82.550 ° 52.018 753.692 





1/ m indicates that the estimate is not a maximum. 
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Upon examining the simple correlation coefficients of each character 
with root weight in table 6, it is first noticed that betaine (Xv) is not 
consistently the best or one of the best single predictors of root weight 
as it was in table 2. Betaine has the highest simple correlation coef- 
ficient in three of the populations, while total nitrogen has the highest 
simple correlation coefficient for the remaining three populations. 


From a genetic point of view there appears to be in table 6, as in 
table 2, “heterosis" for the multiple regression coefficient in the F, as 
compared to its parents. 


In considering the estimated threshold values for the X; in table o> 
it appears that the exponential regression equation [5] generates slightly 
better estimates for the individual independent variables. As in table 2, 
there are 19 threshold estimates which are valid. There are not, however, 
any unrealistically large estimates as there were in table 2. 


Discussion 


The partial regression coefficients of table 1, 3, and 5, in the 
majority of the cases, cannot be shown to be different than zeros Hence, 
the strength of the relationships of ‘the individual Xj with root weight 
is not great when the remaining X; are held statistically constant. These 
relationships could probably be enhanced by a greater range in the data 
and greater numbers. However, this experiment is more extensive than 
most experiments to which these methods might be appliede This lack of 
significance is not a good indicator of the degree of correspondence be- 
tween the regression models and the distribution of the data. 


After examination of the multiple regression coefficients and the 
threshold estimates it appears that the two polynomial multiple regression 
models used are both fair approximations to the true form of the response 
curve when applied within populations and across treatments. This is 
particularly true in the populations Adlj-1, AS~1BB, Fy, and 52-307. Con~ 
sidering the multitude of factors which affect root weight, it is encour~ 
aging to note that as much as 75 percent of the total environmental vari- 
ability in root weight is accounted for by the variability in the chemical 
characters. By working within each population, the genetic affect of the 
differences between populations has been eliminated. This should cause 
the proposed models to correspond more closely to the actual distribution 
of the data, since as was pointed out earlier the ranges of the data vary 
between populations, sometimes even failing to overlap, It would appear 
that the multiple correlation coefficients squared,considered together 
with the threshold estimates should be used to evaluate the fit of the 
model to the actual data. However, a good fit to the mathematical model 
does not assure that the estimate of the threshold value for every 
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independent variable will be realistic. This would depend upon the re- 
lation of the individual chemical character to root weight while all 
other chemical characters are statistically held constant, 


It would seem that the best fit to the quadratic regression model, 
equation [1], occurs under the non-fertilized treatment. This is prob- 
ably due to the fact that the fertilizer treatment has increased, in 
general, the variability of the plot totals of the individual. chemical 
characters. These variances are not shown, but except for betaine and 
potassium the variances are all higher under the fertilized treatment. 
For betaine the variance of the plot totals is reduced under the ferti- 
lized treatment except in population A5\y-1, For potassium this variance 
is reduced under the fertilized treatment only in the inbred populations, 


Despite the fact that within the non~fertilized treatment a slightly 
better fit to equation [1] was achieved for most populations than across 
treatments, it is not likely that this would hold true in all cases. 


The exponential regression model, equation [5], has not been applied 
within treatments, but considering its superiority as applied across treat- 
ments it seems likely that this model gives the best fit, considering all. 
populations. Therefore, the threshold estimates using equation [5] are 
likely to be the most accurate. 


Tt appears that the threshold value for any character is not reached 
at the same point in all popwlations. In other words, if the point at 
which a particular chemical character commences to depress yield is esti- 
mated in one population it cannot be used as an estimate in all populations. 
This would indicate that it should be possible to breed for a lower or 
higher level of a chemical character without decreasing root weight. This 
has been demonstrated by Payne, Powers, and Maag (2) where they provide 
evidence that it is possible to breed sugar beets for a different total 
nitrogen level in the thin juice without necessarily affecting the yield. 


Although the formulas for calculating confidence limits on the thresh- 
old estimates have been developed, the actual limits have not been calcu~ 
lated. These calculations will be made using computing equipment and will 
be included in the overall study when percentage sucrose and percentage 
apparent purity are also considered in relation to the independent variables 
of this study. 


This idea of establishing threshold values for particular characters 
in relation to root yield is not new. In the past experimenters have ate- 
tempted to estimate the point at which a particular character commenced to 
depress root yield, by examining the means and frequency distributions of 
a dependent and independent character. It is impossible, however, to con- 
sider simultaneously in this manner the joint effect of other variables. 
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This multiple regression type analysis is an attempt to refine the esti- 
mation of these threshold valuese Methods of calculus are used in estab- 
lishing a precise value for the threshold point. Of course the accuracy 
of the estimate is a function of the degree of correspondence of the ap- 
proximating mathematical model to the true response function in the plant. 
Tf the mathematical model accounts for all or most of the variability of 
the dependent variable then the estimates of threshold values should be 
quite highly accurate. If, on the other hand, the model is "a poor fit", 
accounting for only a small percentage of the total variability, the esti- 
mates of the threshold values would be, in general, highly inaccurate. It 
must be remembered at the same time that certain variables under consid~ 
eration may have no threshold value within the range of the dependent vari- 
able, This would not affect the fit of the model but may cause the ex-~ 
perimenter to be unduly dubious of the entire estimation procedure. An- 
other factor which may affect this method is a relationship between some 
of the independent variables (X,}. In this study such relationships une 
doubtedly exist. For instance, there is probably a relation of total 
nitrogen with glutamic acid and betaine,since they are both nitrogenous 
compounds, Also certain characters might conceivably be quite closely 
related to the dependent yield character, yet actually unimportant in its 
determination, It is not clear at this point how such interrelationships 
may affect the methods of this study. 


No general conclusions can be developed from this preliminary study 
regarding the methods or the threshold estimates for the chemical char- 
acters in the different populations. However, if the mathematical model 
used provides a satisfactory fit to the data it should at the same time 
yield reasonably accurate threshold estimates, Such estimates may be di~ 
ectly useful as breeding tools. They could be useful in evaluating varie 
eties or breeding material under different environments as regards fertile 
ity, climate, soil type, etc., since it has been demonstrated by Powers, 
Schmehl, Federer, and Payne (h), that it may be possible to breed varieties: 
which will maintain high root weight, percentage sucrose, and percentage 
apparent purity under higher nitrogen levels than are commonly recommended. 


The threshold estimates for the characters considered in this study, 
even though valid, may not all be directly useful. However, the methods 
may be useful when applied to other characters and other populations in 
evaluating the relationships between yield characters and independent varie 
ables of interest, 


Summary 
1. The environmental interrelationships of weight per root with five chem 
ical characters in the thin juice are studied in three segregating and 


three non-segregating populations, 


2e Two mathematical models are considered in an attempt to describe the 


36 


le 
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response function of weight per root on the five chemical characters. 
The two polynomial multiple regression models are compared through 
the use of regression coefficients, correlation coefficients, and 
threshold estimates for the chemical characters. 


Both polynomial regression models provide fair approximations to the 
true form of the response curve when applied across fertility treat-~ 
ments, accounting for as much as 75 percent of the total environ- 
mental variability in root weight. 


Considering all the statistics developed, the exponential multiple re- 
gression model provides a slightly better fit to the true environ- 
mental relation between root weight and the five chemical characters 
than does the quadratic multiple regression model. 


Certain of the threshold estimates in this study are not maximums and, 
thus, are not valid estimates of the threshold points at which the in- 
dividual chemical characters commence to depress root weights 


Threshold estimates developed in this manner may be useful as breeding 
tools in evaluating breeding material under different environments 
and in predicting which characters should be emphasized when selecting. 


(1) 


(2) 


(3) 


(4) 


(5) 
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DEVELOPMENT OF TETRAPLOID LINES AND COMPARISON OF DIPLOID 


AND TETRAPLOID EQUIVALENTS 


Investigations at this station and investigations by others indicate 
that there is an interaction of genotype and ploidy level as regards 
weight per root and percentage sucrose in sugar beets. Not only do par- 
ticular genotypes act differently at ploidy levels above the diploid but 
different genotypes do not react in a similar manner when in the triploid 
or tetraploid condition. Thus it would seem that any true beneficial ef- 
fect of triploidy could be exploited most effectively by using those geno- 
types which have a favorable interaction between genotype and ploidy lev- 
el. This can be done only by examining an increased number of genotypes. 


New tetraploid inbred lines are being developed at this station with 
particular interest on those inbred lines which have cytoplasmic male- 
sterile equivalents and those inbred lines which have shown superior spe- 
ific combining ability at the diploid level for weight of root and per- 
centage sucrose or both, 


Tetraploids have been made of the following inbred lines since sub-~ 
mitting the last report. 


52-305, cytoplasmic male sterile 
52-305, male fertile 


Comparisons were made in 1961 between diploids and their tetraploid 
equivalents. The data are tabulated in table 1. The characters studied 
are weight per root and percentage sucrose. The experimental design is a 
modified randomized complete block with three replications, the modifica- 
tion being paired plantings of the diploid and tetraploid of each popula- 
tione. This modification facilitated visual comparisons during the grow-= 
ing season, Single-row plots were used with forty-four inch spacings be- 
tween rows, 


The stand was adequate in all plots for a competitive 10-root sample 
except for 50-620(ln). Hence, for this inbred line only percentage sucrose 
data are reported, the lack of within row competition having much less ef- 
fect on sucrose percentage than on root weight. 


In table 1 the entries A60-6 and A60-5 are diploid and tetraploid 
equivalents but are varieties and therefore heterozygous. The entries 
A60-, and AS6-3 are also heterozygous and are included only as comparative 
checks. They are not equivalents. All other populations are inbreds and 
their corresponding tetraploids. 


1 OO 7Eee 


Table 1 Means for weight per root in kg. and percentage sucrose in 
tetraploid and diploid equivalents and others; 1961 data. 


seiemeoreceneesansspmpmensngnesieanms ana EEE aC TOOLS I IETS 


Population Genera- Weight per Percentage 
tion root in kg. sucrose 
terete eran ere teen ee 
52-307 (2n) 0.823 12.20 
52-307 (lin) Ce 0.667 12.50 
50~),06(2n) 0.622 12.63 
50-106 (lin) C), 0.662 12.90 
50-620(2n) 550 
50~520(hn) C, 6657 
5h-1)80(2n) 1.015 9073 
Ch=l80 (ln) C5 0.615 10.73 
52-430(2n) 0.650 11.90 
5 2—),30—3 (hn) Ce 0.597 11.73 
52~1)30(2n) 0.579 12.30 
5230-5 (ln) ve 0.527 12673 
A60-6, (Polish monogerm) (2n) 1.027 11.03 
A60-5, (Polish monogerm)(ln) unknown 1.060 11.00 
A60-), (Janasz) (kn) unknown 0.945 13237 


A56=3, (GW359~52R) (2n) 1.053 13.00 
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Table 2 Analysis of variance for weight per root in kg. of diploid and 
tetraploid equivalents; 1961 data, 





Source of Mean F F at 
variation square value oF 1% 
Ploidy levels 0.08636 11.651 pl/ 18.51 98.9 
Populations 0.187106 16.666%*a 3033 = 5 06h 
Replications 0.000208 c 

Levels X Pops. 0.00422 glk c 3033 5b 
Pops. X Reps. (a) 0.011227 1.365 c 2097. -4e85 
Levels X Reps. (b) 0.00719 c 

LXPXR (c) 0.008226 


l/ The small letters after the F values indicate the error mean square 
used in calculating F. 





Table 3 Analysis of variance for percentage sucrose of diploid and 
tetraploid equivalents; 1961 data. 








Source of Mean F F at 
variation square value iL 
Ploidy levels 1.7600 354200% bL/ 18.51 986119 
Populations 331567 82 892i+a 3.00 82 
Replications 143,00 2.366 c 3.98 7220 
Levels X Pops. 0.3350 Cc 

Popse X Repse (a) 01,000 c 

Levels X Reps. (b) 0.0500 c 

LXPXR (c) 0,566) 


1/ The small letters after the F values indicate the error mean square 
used in caltulating F. 
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It will be noted from table 1 that for root weight the tetraploids 
are not consistently better nor consistently poorer than the diploids. 
The effect of the ploidy level seems to be dependent on the population. 
This is further substantiated by the data in table 2, where it will be 
noted that the population by ploidy level interaction is significant, 
while the ploidy levels are not different. In other words, the different 
populations react differently when changed to a tetraploid condition. 
This is consistent with data from previous years. In the analysis of 
tables 2 and 3 only those populations were included which had diploid and 
tetraploid equivalents, the comparative checks being excluded from the 


analysise 


It is apparent from table 1 that the tetraploid populations are in 
general higher in percentage sucrose than their diploid counterparts. The 
analysis of table 3 shows that there is a significant difference between 
ploidy levels, but that the population by ploidy level interaction is not 
significant. Thus all populations seem to be reacting in a somewhat sim- 
ilar manner in the tetraploid conditions 


There are highly significant differences between populations for both 
characters, as shown by tables 2 and 3, this is evident from an examination 
of the means in table l. 


Considering the limitations of only three replications these results 
should be taken only as indicative. Expansion of these polyploid studies 
is contemplated to allow comparisons in the diploid, triploid, and tetra- 
ploid conditions. Further, it is planned to compare specific F, hybrid 
genotypes at the three ploidy levels, From these comparisons should come 
fundamental information about the true effect of polyploidy and its in- 
teraction with the genotype. 
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POLYPLOIDY IN SUGAR BEETS 
STUDY OF INHERITANCE OF CURLY TOP RESISTANCE. 1. ANALYSIS OF MEANS IN 
DIPIOID AND TETRAPLOID HYBRIDS BETWEEN MONOGERM AND MULTIGERM BEETS. 
By V. F, Savitsky | 


Previous experiments indicated that several tetraploid populations 
exhibited higher resistance to curly top than their immediate diploid 
ancestors. This was true for the varieties US 35/2, US 01, US 10h, 
and some others. It was also shown that the rise in grade of resistance 
was not similar in all tetraploids when compared to the original diploids. 

To study the inheritance for curly top resistance in diploids and 
tetraploids, a common technique for study of quantitative characters 
was applied; i.e., simultaneous study Stroiventan strains, together 


with Fj, Fo and backcross hybrids to both recurrent parents. 


Materials and Methods 

Scheme of experiment for diploid strains. Diploid self-fertile 
SIC 91 mn, low in curly top resistance, was crossed to the highly curly 
top resistant diploid multigerm variety US 35/2. Fi multigerm plants 
were selfed for obtaining Fp seed and simultaneously crossed to obtain 
bz and bo seed, with both parents (male-sterile monogerm equivalent of 
SIC 91mm and multigerm self-sterile US 35/2). 

Scheme of experiment for tetraploid strains. Analogous crossins and 
selfings were conducted with the tetraploid monogerm strain SIC 91 and 


the tetraploid multigerm variety US 35/2. 
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Experimental design. Seeds of the diploid and tetraploid parental 
strains (US 35/2 and SLC 91), and the diploid and tetraploid F), Fo, by 
and by hybrids, were planted in 4 replications in randomized complete 
block design at Jerome, Idaho. Curly top exposure was very severe at 
Jerome in 1961. The susceptible variety US 333 was completely destroyed 
by curly top and in the diploid variety US 35/2 all, or almost all, 
plants were injured. 

Readings of the grade of curly top resistance were made for in- 
dividual plants, using a 10-unit scale (grade 1 plants without visible 
injury, grade 10 plants killed by curly top). Not less than 30 plants 
were recorded in each replication. For each replication the average 
grade of curly top resistance was calculated and the analysis of 
variances is presented. (Table 1). 

Analysis of variance showed that variations between blocks were 
small, but significant. The main factors of variability in resistance 
to curly top were "the level of ploidy" and "varieties". 

Variance of "ploidy level" equalled 39.9786. This magnitude ex- 
ceeded by almost 3 times (2.967 times) the magnitude of variance for 
"varieties" which equalled 13.4623. 

In suchaway, autotetraploidy represents a factor which may signifi- 
cantly change the grade of curly top Peet etenee in beets. 

Interaction between "ploidy level" and "varieties" was established. 
The magnitude of this interaction is comparatively low (6= 1.8674), 
but it is highly significant. In other words, different beet popula- 
tions do not respond identically in resistance to curly top when their 


ploidy level is changed. 


iol ae 


Table 1.--Analysis of variance of curly top resistance in diploid and 
tetraploid hybrids between mono-and multigerm beets. Plot 
data, Jerome 1961. 





Variation Degrees of Sum of Variance Variance P = P= 
freedom squares ratio 0.05 0.01 
Total 47 118.9002 


Populations or 
completed analysis 


of "populations" 11 116.6268 10.6024. 201.8928 2.10 2.86 
Ploidy level. pi 39.9786 39.9786 761.2796 nf) 750 
Varieties 5 67-3114 13.4623 256.3515 2.51 3.66 
Interaction: | 

Level-variety 5 9.3368 1.8674 35.5594 2.51 3.66 


Error 33 1.7342 0.05252 
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Experimental results. 


Inheritance of curly top resistance in diploid hybrids. 

The diploid multigerm variety US 35/2, usually high in curly top 
resistance, was severely injured by curly top in 1961 (its grade of 
curly top resistance was 5.3779). Under heavy curly top exposure, the 
diploid inbred 5LC 91 was almost completely destroyed (grade of re- 
sistance equalled 7.3322), as well as a low in resistance variety 
US 333. 

Difference in resistance between the diploid parental strain 
SLC 91 mm and US 35/2 equalled 2.41 points. This difference was highly 
significant. 

The diploid F, hybrid between the above-mentioned strains showed 
a grade of curly top resistance of 5.53. ‘This observed grade of re- 
sistance in the Fy hybrid exceeded significantly the mean curly top 
resistance of both parental strains piuatEoe (table 3). Thus, re- 
sistance to curly top proved to be, to : great extent, a dominant 
character, even under a severe curly top exposure. 

Effect of dominance in F, diploid hybrids, estimated according to 

(Fy - Py ay = 2) 
the formula ee Se >» equalled 0.6289. Since, according 
to this formula, the complete absence of dominance equals 0, the ob- 
served value of the effect of dominance must be considered to be high. 
Partial dominance of genes responsible for curly top resistance may be 


the reason for the success in breeding for resistance in the open 


pollinated self-sterile varieties. 
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Accumulation through breeding of dominant polygenes which favor 
resistance to curly top allows the use of this character in breeding 
for resistance based on the heterosis effect. Usually, propagation 
of hybrids decreases the value of population for a number of characters. 
By inbreeding, Fy hybrids derived from selfed F, usually reduce the 
resistance to curly top in comparison with Fy hybrids. 

Actually, resistance to curly top in Fo hybrids equalling 6.3034, 
was lower than the resistance in Fy hybrids which was 5.8372. The 
difference of 0.4692 between the values of resistance in F) and Fo 
hybrids is significant, since the msd is 0.3896. 

Genetic effect of inbreeding results in the fixation of characters. 
For non-additive types of genes (for instance dominant genes) such 
fixation in the Fp causes the appearance of a new level of expression. of 
| resistance to curly top different from the level in F}. Probably, the 
reduction in curly top resistance by inbreeding is caused also ae tng 
fact that the inheritance of curly top resistance is partially based 
on non-allelic interaction of genes responsible for curly top resistance 
(epistasis, complementary action of dominant non-allelic genes, etc.). 
Our data on comparative study of curly top resistance in Fy; fa and 
backcross hybrids, confirm the non-allelic action of these genes. 

Resistance to curly top in b, (MS.SLC 91mm x F)) equalled 7.6667; 
curly top resistance in by (F) x US 35/2) was 5.7295. The difference 
in resistance between these 2 hybrids is 1.9372 which is highly signifi- 
cant (table 2). 

At the non-allelic interaction between genes responsible for curly 
top resistance, the observed grade of resistance in the Fy does not equal 


the theoretical resistance in the F,, calculated according to the formula 


Ea aL 
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Table 2.--Curly top grades of diploid and tetraploid parents, Fi, Foy by 
and by hybrids of sugar beets. ; 


Average curly top 


Populations grade Difference between 
diploids tetraploids diploids and tetraploids 


ieee aereanen No 2 NOL AOS LARIMO A OS “OMEN OF SRRSEE Re 
Pj: SLC 91 monogerm 7.3322 7.7767 ~0.0555 


Po: US 35/2 multigerm 5.3779 3.2643 ~2.1136%* 


Difference: Py ~ Py “2.4543 = 1h 51 213 


Fy 98342 403315 ~L. 4527 
Fo | 6.3034 4.0689 es mate 
Difference: F, - Fy  +0.4692% -0.3126 

b, backcross 7.6667 4.8919 Bt ime 
by backcross 567295 344092 —2 6 3203%# 


Difference: by - by 1.937200 1.48272 


ee a ge 


msd 0.3896 0.3896 0.3396 
lsd 0.6462 0.6462 0.6462 
SR Sea ee a Se oe ee 


“Significant at 5~percent point. 


wtSignificant at l—percent point. 
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value 
Really, the observed in F5 resistance equalled 6.3034 in this 


experiment and differed significantly from the grade of resistance 
calculated by the above-mentioned formula, according to which the 
resistance in Fy should be 6.6981 (table 2). 

Such a discrepancy between an observed and theoretically estimated 
magnitude of resistance, based on evaluation of resistance in both back- 
cross hybrids, is caused by a drop in resistance in the backcross 
hybrids derived from crosses of 4 to the parent low in resistance. 
Resistance in such backcross hy>rids did not differ from the grade of 
resistance in the low resistant parent (7.3322). In our experiment 
the grade of resistance of the backcross hybrids was 7.6667. By the 


interaction of only additive genes,'resistance to curly top,calculated 
| ote 


according to the formula 





= Fo, should equal 6.8332. In the 
given case, difference between observed resistance and resistance cal- 
culated according to the formula pal equalled 0.8335 aa was 
significant. 

Thus, the resistance to curly top is controlled by a complicated 
mechanism; this mechanism includes not only the genes of additive type 
but also genes with dominant effect and genes with non-allelic reaction. 
In spite of a comparatively short time of selection for curly top 
resistance, the recombination phenomenon appeared to be complicated 
in diploid beets. 

Potential maximum curly top resistance may be obtained when in 
addition to a common selection of resistant strains (fixation of mainly 


additive-type genes), the method of selection for combining ability in 


curly top resistance is employed. 
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Optimum phenotypic expression of curly top resistance as well as 
optimum manifestation of many other traits, in beets, is connected 
with maximum expression of heterosis effect in this character. 

Inheritance of curly top resistance in tetraploid hybrids. 

According to the analysis of variance, the main factor of vari-~ 
ability in curly top resistance was the level of ploidy. Mean re- 
sistance for 6 diploid populations equalled 6.4573, whereas mean 
resistance for 6 tetraploid populations was 4.6321. Although tetra- 
ploids had a better mean value, the tetraploid strains differed greatly 
in their grade of resistance. 

Almost all tetraploid populations, US 35/2, F,, Fo, and backcross 
hybrids, were considerably less injured than the corresponding diploids; 
this difference was significant. For instance, t2traploid strain 
US 35/2 exceeded in resistance tetraploid SLC 91 to a greater degree 
than was observed for the corresponding diploids (table 2) met Sepiat a 
F, hybrid between these 2 strains also showed higher resistance than 
the Perrat nein F, diploid hybrid. Only the inbred line SLC 91 did 
not show significant Gi ferences at diploid and tetraploid levels. 
Difference in curly top resistance between diploid and tetraploid inbred 
lines SLC 91 was observed under a mild curly top infection only. Under 
a severe curly top exposure both SRE were severely damaged. 

The observed curly top resistance in Py tetraploid hybrids was 
also significantly higher than their theoretical resistance calculated 


on the basis of the mean resistance of both parents. (Table 4). 
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Table 3.--Experimental and theoretical means and standard errors of curly 
top resistance in diploid sugar beet hybrids between monogerm 
SLC 91 and multigerm US 35/2. 





, Means of curly top grades ! 
Populations Experimental Calculated Difference 
Exp. - calculated 


nee CEL CE CT CC TCL A CLE E OLLLLIT LL EEL LDL ALLL LLL LLL 


P, SLC 91 monogerm 7.8322 


ee Ee 


Py US 35/2 multigerm Be 3TT9 


Fy 5.8342 rit 2 = 6.6051 -0.7709°F 0.1400 
Fo 6.3034 Pit = + P2 = 6.2196 0.0838 F 0,0810 
Fy 6.3034 Ble 2 = 6.6981 -0.3947°t 0.0810 
By 7.6667 ait, = 6.8332 0.8335" 0.0810 
Bo 5.7295 ees = 5.6061 0.12347 0.0810 


a veneer ae 


msd 0.3896 


lsd 0.6462 
i epee pn eee? 


*Significant at 5-percent point. 


#*Significant at l-percent point. 
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Table 4.--Experimental and calculated means and standard errors of curly : 
top resistance in tetraploid sugar beet hybrids betwee 
monogerm SLC 91 and multigerm US 35/2. : 


eewssaeesarernnestenasapetsceibaanep eles iting SED AP CSET LEELA ITD ATTA, COICO LADLE SID Oe 
Means of curly top grades 
Populations Experimental Calculated — Difference 
Exp. — calculated 


qe tence apc SPE ELSES EE OE TT DTIC CAST I 


P, SLC 91 monogerm 7.7767 Ss Wie 


ik 


Py) US 35/2 mulbigerm = 3.2643 





Fy 4.3815 sew @ 55205 1.1390"" 0.1400 
Fo 4.0689 Prt 2F, +P2 - 4.9510 0.8821". 0.0810 
amt 
Fr, 4.0689 By + B2 ~ 4.1506 0.0817 0.0810 
Pz ‘ 
By 4.8919 Py +P) = 6.0791 1.1972*"* 0.0810 
2 
By 3.4092 Po +Fy ~ 3.8229 0.4137" 0.0810 
ce Deey 
msd 0.3896 
1sd 0.6462 





*Significant at 5=percent point. 


Significant at l-percent point. 
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Thus, the phenomenon of dominance of curly top resistance, ob- 
served in diploid Fy, hybrids, is established also for tetraploid Fy 
“hybrids. 

A diploid F, hybrid, obtained from selfed F, hybrid, was signifi- 
cantly lower in curly top resistance (table 2 and 3) as compared to 
the Fy generation. At the same time, the grade of resistance in a 
tetraploid Fy hybrid, also obtained from selfed F), did not differ 
significantly from the resistance in Fy tetraploid hybrid (table 2 and 4). 
Tetraploid heredity delays the phenomenon of recombination and this 
provides. for the same effect of dominance in Fy hybrids, as in F) 
hybrids. 

The gene: pool, possessed by the diploid parents, when turned to 
tetraploid level, gave a new expression of the trait - resistance to 
curly top - in Fy and Fy hybrids. Analogous process of a new expression 
of curly top resistance in tetraploids in comparison with the diploids 
was observed also in the backcross generation, although 2 backcross 
tetraploid hybrids differed from each other (table 2). 

Curly top resistance in 4n MS 91 x F) was 4.8919 

Curly top resistance in 4n US 35/2 x Fy was 4092 

Difference 1.4827 

In both diploids and tetraploids, when the FY was crossed to the 
parent of low resistance (MS SLC 91), resistance in the backcross 
generation was reduced, but the grade of padierieealerenad greatly in 
diploid and in tetraploid hybrids. In the diploid hybrid, reduction in 


resistance was so marked that the b, generation did not differ in 
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resistance from the parent having low resistance, whereas the tetra~ 
ploid backcross hybrid retained a resistance which exceeded signifi- 
cantly that of the parent with low resistance. 

Data for resistance in backcross hybrids and in recurrent parents 


are tabulated below. 


Diploid b, and bo Tetraploid b, and by 
Generation de 


SLC 91 x Fy US 35/2xF, SLO 91 x F, US 35/2 xP 


a 
—_—_—_— eee 


Backcross 7.6667 5.7295 4.8919 3.4092 
Recurrent parent 7.8322 5.3779 7.7767 3.2643 
SSSI ERE oestoeeremrese eee nes 
Difference 0.1655 0.3516 2.8348 0.1449 
msd 0.3896 0.3896 0.3896 0.3896 

isd 0.6462 0.6462 0.6462 0.6462 


Curly top resistance in the later generations of tetraploid monogerm 
and multigerm hybrids. 


A number of tetraploid self-sterile and self-fertile monogerm and 
multigerm strains was studied under severe curly top exposure at Jerome 
in 1961. Many of these strains were Fy and F), hybrids. Although most 
of the strains had not been Selected previously for curly top resistance 
(but had been selected for other characters such as type of seed, 
sucrose percent, yield, combining ability, etc.) many of them showed a 
good grade of resistance. Many tetraploid hybrids in later generations 


exceeded their resistant parent (tetraploid US 35/2). in curly top 


eeoet 


resistance. Tetraploid US 401 was also higher in resistance than its 
diploid ancestor, US 401, which was killed by curly top. In the tetra- 
ploid strain US 401, many plants were injured by curly top, but by late 
fall they had developed good foliage and large roots. 

It is often assumed that by increased number of loci, in which the 
hybrid segregates, the effect of segregation of individual genes is 
decreased. In 1933, Rasmusson put forward a hypothesis according to 
which the effect of every added gene decreases as the number of genes 
increases. This hypothesis probably does not hold for genes responsible 
for curly top resistance in diploids and partially in tetraploid sugar 
beets. 

Summary 

Study of curly top resistance under a severe curly top exposure 
showed that the polygene complex, responsible for inheritance of curly 
top resistance, involves additive reactions of genes and also the effect 
of dominance and non-allelic gene reactions. 

Maximum grade of curly top resistance will be obtained when 
selection for resistant strains is followed by selection based on the 
principles of combining ability. 

Improvement of resistance to curly top was observed in many popu- 
lations after they were turned into tetraploids by colchicine treatment. 

Expression of genes responsible for curly top resistance, therefore, 
will be optimal at the tetraploid level for many populations. 

Study of hybrids showed that Fo tetraploid segregates were higher in 
curly top resistance than the Fy diploid segregates in corresponding 


hybrids, although their parents were of the same origin. 
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I express my acknowledgement to Mr. Albert M. Murphy and to Mr, 
B. Ruffing for their help in conducting my experiments at Jerome since’ 
1949 to 1961. These experiments enabled us to improve curly top 
resistance of the original parent SLC 101 in my first monogerm strains 
(SLC 91, SLC 123, etc.) on the base of which were obtained the first 
commercial monogerm hybrids; also, to increase resistance tn monogerm 
self-fertile and self-sterile strains which were released to different © 


sugar companies. 


PRODUCTION OF TETRAPLOID STRAINS 
By Helen Savitsky 

Seed of 3 strains of sugar beet were treated by colchicine in 
1961. Two of these strains with a certain amount of resistance to 
nematode were obtained from Charles Price, and 1 monogerm O-type highly 
curly top resistant inbred line was obtained from V. F. Savitsky. 

Seedlings affected by colchicine were selected and grown in the 
greenhouse. They will be transplanted to the field for selection of 


tetraploid plants next summer. 


EFFECTIVENESS OF SELECTION FOR TETRAPLOID PLANTS IN Cy GENERATION 
ON THE BASIS OF THE NUMBER OF CHLOROPLASTS IN LEAF CELLS 
By Helen Savitsky 

Study of some characteristics in the leaves (chloroplasts, chromo~ 
somes, etc.) in the colchicine-treated generation (Cy) is a .common 
method for selection of tetraploid plants. It is very important £0 
determine the reliability of this method. 

Cy plants, grown from affected seedlings after colchicine treat- 
ment, were transplanted to a station field for selection of tetraploid 
plants. Tetraploid plants were selected on the basis of size of pollen 
grains in flowers developed on the main stem. Plants which developed 
large pollen grains (28-3344 ) in all, or almost in all, flowers of the 
main inflorescence, were considered to be tetraploid. Actually, all 
plants in the treated generation (Cy) are to some extent chimeras, 


carrying both diploid and tetraploid tissues; but those plants which 
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develop a prevailing majority of diploid gametes in the flowers on the 
main inflorescence may be considered (for practical use) tetraploids, 
because ter produce tetraploid progeny when pollinated by diploid pollen. 
Plants with smaller pollen grains in the flowers of the main inflorescence 
(19-22 ) were considered to be diploids. 

The number of chloroplasts was counted in both guard cells of 
stomata in the leaves of the same seed stalk from which the anthers 
were examined for size of pollen grains. Chloroplasts were counted in 
10 stomata cells of each plant. According to the average number of 
chloroplasts per stoma cell, plants were classified as falling into 1 of 
3 groups, as follows: (1) plants having the number of chloroplasts 
corresponding to diploids (12 to 19). Such plants had mostly 13, 14, 

15 or 16 chloroplasts per stoma cell. (2) Plants with a number of 
chloroplasts corresponding to tetraploids (24 or higher). (3) Plants 
with an intermediate number of chloroplasts (19 to 24). The last group 
might include diploid, as well as tetraploid plants. The number of 
chloroplasts in this group does not give a clear indication as to the 
level of ploidy of individual plants. 

Seven different strains (5 self~fertile and 2 self-sterile) were 
examined for size of pollen grains and number of chloroplasts. Data 
obtained are shown in tables 1 and 2, 

Fifty-five percent (55.5%) of the diploid plants had larger number 
of chloroplasts than should be presented in diploids. This indicates 
that the epidermal tissue was affected by colchicine to a greater degree 
than the subepidermal tissue. As a consequence, doubling of chromosomes 
occurred more often in the epidermis than in the tissues which produce 


sexual cells. 
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Table 1.--Number of chloroplasts in stomata cells of diploid Cy plants. 


er EE ETE 
Plants with number of , 
Strain chloroplasts corresponding to: Intermediate between 





designation Tetraploids Diploids tetraploids and diploids 
Number Number Number 

537 k 17 | 2 
301 2 2 3 
L7Z 13 8 3 
127 15 iL i, 
509 3 3 L 
273 45 43 7 
202 19 23 a 

Total 104 100 21 

Percent 46.2 Abel, 9.3 


Table 2.--Number of chloroplasts in stomata cells of tetraploid Cy plants. 


Plants with number of 


Strain chloroplasts corresponding to: Intermediate between 
designation Tetraploids Diploids tetraploids and diploids 





Number Number Nunber 
aot 42 8 14 
301 46 2 6 
71 ay 4 10 
127 30 0 3 
509 9 1 3 
573 69 16 7 
202 22 6 6 

Total 275 37 49 

rercent Taya 10.2 1330 


Grand Total 586 
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Among tetraploid plants, only 10.2 percent had the number of 
chloroplasts corresponding to their number in diploid plants. Also, 
13.6 percent of plants showed lower number than tetraploids had to have. 
In other words, if selection of tetraploids was made on the base of 
chloroplast-number, 23.8 percent of tetraploid plants would be discarded. 

At the same time, the group of tetraploid plants, selected from 
the whole population (586 examined plants), would consist of 275 true 
tetraploids plus 104 (27.4%) diploids. These 27.4 percent diploid 
plants would contaminate very highly the tetraploid population. In- 
stead of obtaining in the next Cy generation a pure tetraploid strain, 
the C, generation would contain many, if not a majority, of diploid 
and triploid plants, Much detailed work will be necessary for screening 
the plants with undesirable ploidy levels. 

Leaf characteristics such as size of stomata cells, number of 
chloroplasts and even chromosome number, often used for selection of 
tetraploids, may be used in C, generation only for preliminary test ahd 
screening, if such a screening is really needed in some circumstances 
or climates. Final selection for tetraploids in Cy generation must be 
based on direct selection of diploid gametes which will produce a 
tetraploid progeny. This gamete selection is highly effective (see re- 


port for 1960) and reduces work in chromosome counting in the following 


generations. 
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INTERSPECIFIC HYBRIDIZATION 
By Helen Savitsky 
Obtaining the first backcross progeny from hybrids between Beta 


vulgaris and nematode resistant species of the section Patellares, 
en 


Work in obtaining seed from Fy tetraploid hybrids between tetra 
ploid sugar beets and B. patellaris,and from triploid Fy hybrids between 
tetraploid sugar beets and B. procumbens, was continued during the 
ote 96x Backcross seed was obtained after pollination of hybrid 
plants with sugar beet pollen. These Seeds were planted in greenhouse 
in the fall and seedlings which came up were transplanted in nematode 
infected soil.. Two hundred seventy first-backcross hybrid plants will 
be available now for examination to determine their degree of resistance 
to nematode. Selection of the most resistant plants will be made. The 
nematode resistance tests are being conducted in cooperation with 
Charles Price. 

Chromosome number will be investigated in all first-backcross 
hybrids. After determination of nematode resistance and fixation of root 
tips for cytological study, the hybrid plants will be transplanted in 
the soil free from nematode for further growth and for study of different 
characters. 


Study of the possibilities of transmission of the monogerm character 


from the species of the section Patellares to sugar beets, 
a tac are en 


It is a comparatively widely spread opinion that the monogerm 
character may be transmitted to sugar beets from the species of the 


section Patellares. Although the fruits of the 3 species of this section 
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B. patellaris, B. procumbens and B. webbiana are single, cytological 
investigations show that these species are multigerm. The mode of. 
development of inflorescence in the section Patellares follows, with 
some deviations, the pattern of development of inflorescence in the 
multigerm races of the section Vulgares. The flowers, as in the inulti- 
germ races of the section Vulgares, develop in a cluster. Several 


flowers start to develop from a common peduncle, but in contrast to 


multigerm Vulgares races, each flower develops its own pedicel and 





grows separately, forming an umbel. After the fruits ripen, the pedi- 
cels break and single fruits are released. 

In the monogerm races of the species B. vulgaris only a single 
flower and a single fruit are developed from one peduncle. 

To study the possibility of obtaining monogerm fruits from hybridi- 
gation with the species of the section Patellares, diploid monogerm 
sugar beets were crossed with diploid 3. procumbens. The Fy hybrid 
plants failed_to develop on their own roots, as usual, and were 
grafted to sugar beet plants. Fifteen Fy grafted hybrids, derived from 
different matings, were grown to flowering stage. All of these hybrids 
developed multigerm inflorescences. Flowers grew in clusters, on a 
common peduncle,and the type of development did not differ from that 
of inflorescences of the hybrids between multigerm sugar beets and. 
species of the section Patellares. Like the hybrids with multigerm 
beets, the hybrids with monogerm beets developed a type of inflorescence 
intermediate between section Vulgares and section Patellares. Individual 
flowers grew separately on a common peduncle, but they did not develop 
oedicels like their wild parents. The basal parts of flowers were 


connected with but not inbedded in the tissues of peduncle. 


ea ee 


The few fruits that developed on these Fi hybrids were compound 
and did not differ morphologically from the fruits obtained from multi- 
germ Fy hybrids with corresponding species. | 

The species of the section Patellares, therefore, do not carry 
the gene for the monogerm character. They possess a basically different 
type of inflorescence in which flowers and fruits develop in cluster, 
but on separate pedicels and are easily shed after ripening. 

The type of multigerm development was dominant over monogerm 
development, as in crosses of monogerm and multigerm beets within the 
species B. vulgaris. At the same time, the type of inflorescence in Fy 
hybrids was intermediate between Vulgares and Patellares. 

True monogerm races cannot be obtained from byoriaitetion of multi- 
germ, or even monogerm sugar beets with species of the section Patellares. 
Such hybridization will produce only sugar beet races with multigerm 
inflorescence of an intermediate type between section Vulgares and 
Patellares, or perhaps with some slight deviations from the basic type 


of inflorescence of either one of the mentioned sections. 
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Figure 1.--Beta patellaris showing (2) develop- 
ment of a second receptacle on a common peduncle; 


(b) a second bud growing from the common peduncle; 
(c) two flowers in a cluster on separate pedicels. 


Figure 2.=-=<Monogerm Beta vulgaris showing 
(a) one receptacle on a peduncles; and (b) one 
flower developed on a peduncle. 


Figure 3.--F, hybrid of monogerm B. vulgaris with B. procumbens showing a 
cluster of buds, the ‘basal parts of which are connected by the tissue of the 
peduncle. 
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NEMATOLOGY INVESTIGATIONS 


Foundation Project 13 


Arnold E. Steele 


Nematology Investigations, Crops Protection Research Branch 
ARS, USDA, Salinas, California 
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NEMATOLOGY INVESTIGATIONS BY ARNOLD E, STEELE, 1961 
(A phase of Foundation Project 13) 


Progress report on the implementation of microplots in studies to determine 


the efficacy of various legume crops in controlling Heterodera schachtii. 


Studies of cyst nematode populations in field plots are made difficult 
by within-plot variations in nematode populations caused by transport of 
cysts and eggs by water, soil insects, and cultivation equipment, multiplication 
of nematodes on susceptible weed hosts, and variation of soil type within the 
experimental field. 

Jones (1955, 1956) found that some of the difficulties associated with 
population studies using field plots were overcome when microplots were used. 
Microplots described by this worker were constructed of slotted concrete posts 

and paving stones joined together with bitumastic, and measured 2 feet , inches 
square and 2 feet deep. 

Microplots were established in a field at the U.S. Agricultural Research 
Station, Salinas, California to study effects of various crops on population 
of the sugar beet nematode. Bins, measuring lh feet square and 3 feet deép, 
were constructed of 3/)" x 12" redwood held with aluminum nails, lined with 
polyethylene plastic sheeting, and then sunk into the ground to a depth of 
21/2 feet. The bins, serving as microplots, were placed lh feet apart and 
arranged so that infested microplots would be relatively isolated from non- 
infested ones, the arrangement within the infested and non-infested areas 
being in a latin square design. No nematode cysts were recovered from soil 
samples obtained from this field. 

Sugar beets(Beta vulgaris L. var. US 75) were grown in individual aluminum 
foil cylinders containing steam sterilized soil. When the plants were well 
established, the aluminum foil was removed and 16 beets irandoiahted "to each 
bin. Infested soil was added to one-half of the microplots at the time the 


beets were transplanted. 
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Soil samples were obtained from each plot on March 9, 1961, after beets 
had been removed. The samples were oven dried, weighéd, and processed to 
recover cysts. None of the samples from non~-infested plots contained cysts. 
Cyst counts of samples from infested plots are presented in table 1, 

The following leguminous crops were planted on April 27, 1961, with each 
crop being replicated 5 times in a randomized block design: Kentucky wonder 
white-seeded pole beans (Phaseolus vulgaris L.), small white navy beans 
(Phaseolus vulgaris L,), telephone dark poded peas (Pisum sativum), White Dutch 
clover (Trifolium repens), and Chilean alfalfa (Medicago sativa). Each plot 
receiving peas ot beans contained l} planting rows spaced 1 foot apart, while 
seed of clover or alfalfa were broadcast planted. + ad 

. - Stand, Biri and yields corrected to stands of peas and beans appear 
ingtable . No yield data were obtained from alfalfa or clover. 

In order to obtain information on the viability of the nematode populations, 
random samples were obtained from the microplots on October 25, 1961, and placed 
in 6~inch pots in the greenhouse, each pot receiving one sugar beet seedling. 
Data on this viability test is not yet available. At the same time,cyst counts 
were made for each of the samples,and the results appear in table 2, The 
effects of the various crops on decline of cyst populations are recorded in 
table 3. 

There were little differences in yield data between infested and non-infest- 
ed plots of beans or peas. None of the treatments gave significant differences 
in cyst populations or in decline of cyst populations, although beans or peas 


appear to have effected greater reductions than clover or alfalfa. Data on the 


viability of nematode populations, when available for evaluation, will determine 


whether plots will be later planted to legume crops or beets. 
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Table 1. Numbers of cysts of Heterodera schachtii per 100 grams 


of soil sampled on March 9, 1961. 





Replications 
a, 2 3 h 5 Total Average 
Navy beans Totes, Uh Lo 63 56 2h7 ho 
Clover Ir 38 52 6 36 ot a7 ho. ky 
Alfalfa TIT PG Cer 5Ge ergy ek 55 26 ho.2 
Pole beans IV 47 62 31 50 51 Oki 48,2 
Peas V7- Nek Mo Se 5 OEE 9 2uu 48.8 
Total 2205 "2 ite 831 9 SbaTe@ os 1,229 


Not significant 





Table 2. Effect of various legumes on cyst nematode populations 


in microplots sampled October 25, 1961. 


. 





Navy beans Tea 10.7) bth 650s] gee ce. t Wee oa 

Clover tI 26.0 40.0 62 .Cnp Base 20.0 178:0 35.6 

Alfalfa TE1lge 40.0. S57 .937.3 Obese 24.7 158.0 3166 

Pole beans IV 26.0 23.3 17.3 28.7 20. 6 120.9 hed 

Peas V 0.0 4B : 18. : RTT SETON.T 17050 26.0 
Total 130.7 101.5 105.3 125. 125.9 I ae i. 709.9 


Not significant 





Table 3. Effect of various legumes on decline of cyst populations 


in microplots, 1961. 











Navy beans TAO15729. NOs 5,003.3) | B.be) 59. 5s 247.8 49.6 

Clover ‘II 31.6 23.1 3.1 38.9 50.9 147.6 29.5 

Alfalfa III 16.7. .29.2 36.8 53.3 29.4 165.4 33.1 

Pole beans IV 44.7 62.4 44.2 42.6 47.8 2u1.7 48.3 

Peas vV .28.6 35.5 51.4 73.0. 36.7 225.2 _45.0 
Total 179.5 199.5 158.8 265.6 224.3 1,027.7 


.Not significant 
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Table 4. Stands and yields of peas and beans grown in beet 


nematode-infested or non-infested microplots, 1961. 





No. plants/plot Yield/plot (gms. ) Yield/plant (ems. ) 


Non- Non- Non- 
Infested infested Infested infested Infested infested 


Kentucky wonder pole beans 


hs 53 1,582 1,512 35.2 28.5 

45 ks 1,554 1,415 34.5 31.4 

48 48 1, 426 1,385 29.7 28.9 

48 56 1,415 1,325 29.5 23.7 

50 mo} 1,324 1,279 26.5 25.1 

Total 236 255 7,501 6,916 1 eee 

Small white navy beans 

68 57 3,074 3,043 45.2 55.4 

55 53 2,839 3,011 51.6 56.8 

56 65 2,64) 2,664 47,2 41.0 

61 54. 2,409 Be She 47 43.2 

eee 22 ese Oye BOTs 43.2 

Total 299 321 13,145 13,293 220.4 237.0 

Telephone dark poded peas 

32 33 1,431 1,402 hh.7 42.5 

42 38 1,414 Tete. Whe 36.3 

hz 29 1,309 1,2h0 30.4 he.8 

19 27 861 Leis 45.3 hy. 

ret: 35 795 1,095 29.4 31.3 

Total 153 162 5,010 6,254 T9h.0 19k. 5 
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Effects of root diffusates of various nematode-resistant and susceptible lines 
of sugar beet (Beta vulgaris L.) on emergence of larvae from cysts of 


Heterodera schachtii. 


. Certain selected breeding lines of sugar beet (Beta vulgaris L.) have 
shown various degrees of resistance to the sugar beet nematode, Heterodera 
schachtii (Price and Smith, this report). However, the nature of the nematode 
resistance in both these beets and in certain wild Beta species is not know. 
This resistance may or may not have a common basis; but in any case it would 
be helpful, especially in the breeding program, to understand the nature of 
the resistance to the sugar beet nematode. 

Golden (1958) found that root diffusates of Beta patellaris Moq., B. 
procumbins Chr. Sm., and B. webbiana Moq. contained effective hatching factors. 
In the test reported below, root diffusates of resistant and susecptible lines 
of sugar beet were compared for their effects on emergence of larvae from cysts 


of H. schachtii. 


Materials and Methods 

Root diffusates of four lines of nematode-resistant and two lines of 
nematode-susceptible sugar beets were tested. Two hundred ml of root diffusate 
were leeched from 5-inch pots containing 3 plants of a single line growing in 
sterilized soil. All diffusates were diluted 1 to 10 with water in order that 
slight differences in hatching effect could be detected. Treatments were 
replicated ) times in individual Syracuse watch glasses, each of which contained. 
hO cysts. At weekly intervals the nematode cysts were transferred to clean 
watch glasses containing fresh treatment solutions. The emerged larvae were 
preserved in 5% formalin until counted, at which time those samples containing 


large numbers of larvae were aliquoted. Results were analysed for statistical 
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significance by the "analysis of variance" method. 


Results and Conclusion 

The numbers of larvae emerging in each of the diffusate treatments were 
not significantly different. The larvae obtained from diffusates of nematode 
resistant lines averaged 10,390, 9,200, 8,10, and 7,990 larvae per replication; 
whereas those from the susceptible lines averaged 9,060 and 8,130 larvae per 
replication. The total number of larvae emerging in replications of tap water 
treatment was 3,090. Diffusates of all resistant lines tested contained strong 
hatching factors,as did the susceptible ones; consequently, resistance in 


these lines mst be attributed to other factors. 
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Additional studies of the effects of nabam solutions on the emergence of 


larvae from cysts of Heterodera schachtii., 


In previously reported tests (Annual Report, 1960), the author: found 
that solutions containing 1,000 ppm (parts per million) of nabam (disodium 
ethylene bis dithiocarbamate) increased hatching of Heterodera schachtii 
larvae as compared with tap water controls but only 60% as much as sugar beet 
root diffusate. Addition of 1,197 ppm of manganese sulphate or 1,316 ppm of 
Zinc sulphate reduced the action to about the same as tap water. Nabam at 
concentrations of 2,000 ppm inhibited hatching of sugar beet nematode larvae. 

Since nabam has recently been marketed as a wettable powder (Dithane 
A-0), a test was undertaken to compare the effects of this material and the 
liquid nabam previously tested. In addition, attempts were made to determine 
if hatching is permanently inhibited by concentrations of nabam exceeding 
2,000 ppm and if stimulatory effects of 1,000 ppm nabam would be retained after 


removal of the treatment solution. 


Materials and Methods 

In the first of 2 tests, 7 different treatments were tested for effects 
on emergence of larvae from cysts of Heterodera schachtii. Each treatment 
contained replications, each consisting of 0 cysts. Cysts in 5 of the 
treatments were kept 7 weeks in either tap water, beet-root diffusate, 1000 
ppm or },000 ppm nabam (Dithane D-1l, a liquid réritditat ton)| or 1,000 ppm 
nabam (Dithane A-l\0), Cysts for the other 2 treatments were kept one week, 
with either 1,000 ppm or ),000 ppm nabam,after which they were transferred to 
tap water where they remained an additional 6 weeks. Collection of diffusate 
and conduct of the test were essentially the same as described in other reports. 


Counts of larvae emerged from cysts are listed in tables 5 and 6, 
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A second test consisted of drenching various treatment solutions on:soil 
contained in cylindrical paper cartons of 2-quart capacity. Each carton 
measured 3.5 inches by 13.5 inches. Prior to application of the treatments, 

3 tea bags, each containing 50 cysts, were placed in each of 36 cartons 15265 
or 12 inches below the soil surface. 

Treatments consisted of tap water, beet root diffusate, 1,000 a or 
2,000 ppm nabam, 1,000 ppm nabam plus 658 ppm zine sulphate, or 2,000 ppm 
nabam plus 1,316 ppm zine sulphate. The treated cartons were kept in a utility 
room. The temperature of the treated soil remained at about 65°R, Ten days 
after treatment the cartons were removed to the laboratory where the cysts were 
recovered and placed in Syracuse watch glasses containing about 15 ml of beet 
diffusate. The cysts were treated with diffusate for a period of 3 weeks to 
induce hatching and emergence of larvae from the cysts. Counts of larvae are 
listed in table 7. Data on both tests were analyzed for statistical significance 


by the "analysis of variance" method, 


Results and Conclusions 

Treatment of voot nematode cysts with ),000 ppm of nabam inhibited 
emergence of larvae. However, eauaidcname numbers of larvae emerged from 
cysts in tap water after the cysts were removed from the inhibiting solutions. 
This indicates that inhibition occurs only as long as the cysts are exposed 
to this concentration of nabam,and possibly a breakdown product of nabam might 
be responsible for the stimlating effect. Dithane A-l\O gave greater hatches 
during the first week than did Dithane D-lh, suggesting possibly that Dithane 
A-O0 may release a stimulatory breakdown product quicker while decomposing at a 
more rapid rate than does Dithane D-ll, 


Results of the second test indicate that soil drenches of beet diffusate 
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was the only treatment that noticeably stimlated emergence of larvae from 
cysts and this treatment was most effective on cysts placed 6 inches below 

the soil surface. The effects of all nabam treatments were similar to the 
effects of tap water. Absorption of nabam or its breakdown products by soil 
may be contributing factors to the failure to Aisin increased larval emergence 


from cysts in soil. 
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Table 5. Number of larvae emerged from cysts of Heterodera 


schachtii treated 7 weeks with the indicated solutions. 








Ree can : eee it Total Average 
1 Nabam 4,000 . 6 12 i, uy 36 9.0 
2 Tap water  -- Hap. 200 65 BSR a. 050 4750.5 
3 Nabam 1,000 2,304 1)364 5 11,308 2455 7.877 3, Sok. 5 
} Nabam 4,000 ,230 ° 1,458 '2,'784.- 2,676 9,450 2, e0a.5 
5 Nabam 1,000 3,541 3,676 4,639 3,604 15,460 3,865.0 
6 Nabam 1,000 4,790 4,661 4,380 5,250. 19,080 4,772.5 
7 Beet diff. -- 6,952 6,997. 7201. "8,857 50;007 “7,501.0 
Significance HX 
Tap 0.05 S198 


Table 6. Effect of various treatments on emergence of larvae 





from cysts of Heterodera Si 

treatment (oe eck Prioe Total Average 
1 Nabam 4,000 9 27 36 9.0 
2 Tap water ne 1,784 Lats 2,959 739.8 

Nabam 1,000 5,955 2,642 Toe 1,894.3 
4 Nabam 4,000 15 O7115 9,130 2, 282.5 
5 Nabam 1,000 7,209 OF 15,460 3,865.0 
6 Nabam 1,000 5,283 13,804 19,087 4772.3 


7 Beet diff. =~ 10,207. 19,800 30,007 7,501.8 





vV/ Treatment 5 consisted of Dithane A-/}0. All other nabam treatments 
were Dithane D-14. Cysts of treatments 4% and 4 were treated one 
week with the indicated solutions followed by treatment with tap 
water for 6 weeks. 


2/ Total number of larvae in 4 replications. 
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Effects of pretreatment of Heterodera schachtii cysts with sugar 
solutions on emergence of larvae in sugar-beet 


root diffusate. 


Feder (1960) reported that 100% of the nematodes of ) species tested were 
killed by immersion for 1 hour in },0 or 50% sucrose solution. He did not in- 
clude any species of the genus Heterodera. This paper reports the results of 
experiments on the effects of sucrose on the emergence of larvae from cysts 


of the sugar beet nematode, Heterodera schachtii Schmidt. 


Materials and Methods 

The test consisted of treating groups of 50 cysts with sugar (sucrose) 
solutions on tap water for 96 hours at room temperatures (70° to 80°F). The 
sugar concentrations ranged from 0.1% to 60.0% as shown in table 8, 

Each treatment was replicated times. Groups of cysts which received 
treatments 6-9 (table 8) were placed in tea bags and submerged in vials containing 
the sugar solutions because of the tendency of the cysts to float. Cysts of all 
other treatments were placed in Syracuse watch glasses. After the initial 
treatment the cysts were removed and placed in tap water for 2) hours to allow 
the sugar solutions to diffuse out. Floating cysts and cysts broken in handling 
were discarded, and the larvae which emerged during this process were counted. 
Following this tap water treatment, the cysts were rinsed in tap water and placed 
in watch glasses containing sugar beet root diffusate or tap water for 6 weeks 
under conditions describdd by Golden (1958) for other hatching tests. The 
numbers of larvae emerged in each of the various treatments were adjusted to the 
equivalent hatch of 50 cysts (Table 8) and analyzed for statistical significance 


by the "analysis of variance" method. 
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Results and Discussion 

Complete inhibition of emergence in sugar solutions occurred in treatments 
containing 30% or more of sugar (Table 8). After transfer from sugar solution: 
to tap water, significantly fewer larvae emerged from cysts pretreated with 50 
or 60% sugar solutions than from cysts treated with water. However, the highest 
sugar concentration tested reduced the hatch by only 0%. 

Fairbairn (1960) cited a number of studies wherein eggs of several nematode 
species were found to be highly impermeable to solutions of salts or sucrose. 
Dropkin et al. (1958) demonstrated that normal hatching of nematode eggs occurred 
after removal from inhibiting solutions of salt or dextrose. 

The results of the present test suggest that eggs of H. schachtii are 
impermeable to solutions containing high concentrations of sucrose, Consequently, 
control of the beet nematode by addition of sugar to the soil is probably not 


practical. 
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Table 8. Average number of Heterodera schachtii larvae emerged 
from cysts which had been pretreated with various sucrose 


solutions in 4 replications. 








Number of larvae emerging 








Treatment Percent Th sugar In tap In beet root Mota} 
No. Bes Ee solution water diffusate* 

ak 0.1 259 198 8,538 8,995 

2 1.0 227 8 8,510 8,745 

3 5-0 27 3 8,765 8,795 

4 10.0 35 13 8,548 | 8,596 

5 20.0 218 ay O7363". (erg; 596 

6 30.0 0 1 9,005 9,006 

7 4O.0 0 9 8,358 8,367 

8 50.0 0 10 7,238 7,248 

9 60.0 0 0 6,103 6,103 

10 0 - 1,875 10,210 12,085 

Lt 0 - 6,147 6,147 
LSD at .05 level 2,300.7 


*Pigures given for treatments 1-10 are numbers of larvae which emerged 
in beet diffusate after cysts were pretreated with the indicated sugar 
solutions. In treatment 11, cysts were immersed in tap water throughout 


the test. 


- 2):8 =} 


/ 


The effect of removal of eggs from cysts on hatching of larvae of 


Heterodera schachtii. 


Various workers have suggested that hatching of cyst nematode eggs may be 
influenced by oxygen concentration. Wallace (1955) demonstrated that emergence 
of larvae from cysts of H. schachtii was decreased by exposure of cysts to low 
oxygen concentration for short periods of time. According to Christie (1959), 
IT. B. Onions, working with H. rostochiensis, found that eggs near the cyst wall 
hatch more rapidly than those near the center of the cyst, which he attributed 
to a gradient of oxygen tension within the cyst. Wallace (1956) found that 
rate of larval emergence increases with aeration of the soil environment. These 
observations suggest that the rate of hatching of beet nematode eggs might be 
increased if fie Rees were removed from cysts. 

In laboratory tests larval emergence from cysts treated with tap water 
varies from 5 to 25% of larval emergence from cysts treated with beet root 
diffusate. The test reported below was designated to determine if removal of 


eggs from cysts would increase larval hatch in tap water. 


Materials and Methods 

Cysts of Heterodera schachtii were divided into 3 groups, each consisting 
of 8 replications of 20 cysts. Two of the cyst groups were placed in Syracuse 
watch glasses containing tap water or beet root diffusate where they were allowed 
to remain for 3 weeks. At the end of the treatment period, the emerged larvae 
were counted and the cysts broken open to obtain counts of hatched larvae which 
had not emerged from the cysts. Eggs and larvae were removed from cysts of a 
third group and the empty cysts discarded, Hatched larvae were counted.and the 
eggs sieee in tap water for 3 weeks. The number of emerged larvae obtained in 


this test appear in table 9. 
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Results and Conclusion 
Removal of eggs from cysts resulted in an average increase in hatch in 
tap water of about three larvae per cyst. The increase in hatch was equivalent 


to less than 2% of the number of larvae emerged from cysts treated with beet 


diffusate,. 
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PROGRESS REPORT TO THE BEET SUGAR DEVELOPMENT FOUNDATION 
ON THE PLANT BREEDING FOR RESISTANCB TO SUGARBEET NEMATODE 


AND RELATED STUDIES OF THE CONTROL OF SUGARBEET NEMATODE 


(Foundation Project 13) 
| By Charles Price 

Breeding for resistance to sugarbeet nematode has received major 
emphasis at Salines, Californias The greenhouse method used eu eat tias 
for selecting for nematode resistance was described in the 1960 report. 
Some modification of this method has been followed this season. 
Briefly,the technique involves plants grown in heavily infested soil 
in flats and then transferred to infested soil in aii it cylinders. 
Figure 1 shows comparison of US 41 and selection 1535-5. The best 
plants are selected and subjected to additional infestation in larger 
pots. The final selections are grown to seed for further evaluation 
and test and crossing with promising lines, These d¥osees\‘axe tested 
in field and greenhouse; and selections were made from breeding stock 
which showed the highest resistance to sugarbeet nematode in the 
previous yeare Several cycles have been completed in some lines, and 
cycles are continued as time and space permits. 

Complexities involved in breeding for resistance to nematode are 
confounded by the presence of yellows, mosaic, root rot, curly top, 
and other diseases of sugarbeets. It is, therefore , evident that 
selections should be made wnder exposure to combination of diseases. 
Field tests of greenhouse selected material are made and further . 


selections are made in the field. Root rotting organisms play an 


- 25) « 


importent part in damage from nematode in fields in which sugarbeets 
are grown for sugar, and orgenisms in the soil which cause root rot 
are present in most soilse Nematodes are undoubtedly responsible, to 
@ large extent, for entrence of organisms in beet tissue through 
punctures made by the nematodes. A variety of sugarbeets which is. 
resistant to combination of root rot and nemetode is, therefore, highly 
desirable. This phase of tho work has received much attention.in the 
breeding program at Salinas. Soil which is known to contain organisms 
causing root rot is thoroughly mixed with soil containing cysts of the 
nematodes Screening tests are made in the greenhouse under conditions 
of exposure to root rot and nematodes. By means of repested selesotions 
and crosses, some lines have been developed which show remarkable re~ 
sistance to combination of root rot and nematodes. 

To determine losses ceused by sugarbeet nematode, alone or in’. 
combination with yellows and root rot, studies under controlled con= 
ditions were made in crocks in the greenhouse and in the field. In 
these studies, selected nematode resistant lines 834 and 850-6 were 
compared with the commercial variety US 41 used as check. The test 
beets were grown in 3-gallon crocks in nematode-free and nematode= 
infested soil and subjected to infection with yellows and root rotting 
orgenisms.e In the nematode-free soil control, beets were grown in 
sterilized soil} end in nematode-infested Soil, nematode cysts were 
added to the sterilized soil. In crocks in which demege to beets from 
root rot was measured, soil known to contain root rotting organisms wes 


added to the sterilized soil and to the nematode-infested soil. In 


Figure le 
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Second generation of selection for resistance to com- 


bination of root rot end nematode. Reduction of stend is 
substantially more in US 41 than in selection 133-3. Nema- 
tode cysts and root rotting orgenisms were added to soil in 


flats prior to transplanting seedlings. 
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crocks in which the damage from yellows was measured, beets were infected 
by means of the green peach aphid, Myzus persicae. The aphids were 
produced on radish plants and transferred to yellows~infected sugarbeet 
plents 24 hours before being transferred to beets to be infected with 
yellows. The aphids for these studies were kindly furnished by me 

C. We Bennett, 

The results of these tests are shown in Table le 

The results given in Table 1 show V ompartth ats between US 41, 834, 
and 850-6 grown in nematode~free and nematode-infested soil end sub- 
jected to infection with beet yellows and root rotting organisms. 

These results show that lines 834 and 850-6 yielded significantly 
more than US 41 in both nematode~free and nematode~infested soil at the 
1% level of significance. However, the yield of US 41 in nemetode~free 
soil was much closer to yields of 834 and 850-6 when yellows and. rot 
were not involved. In lines 850-6 and 834 there was no significant 
difference in yield of beets grown in nematode-free and nematode-~ 
infested soil either in presence or in absence of root rotting organisms. 
There was a significant reduction in yield of beets subjected to virus 
yellows both in nematode-infested and nematode-free soil. 

| In US 41 there was a significant reduction in yield caused by 
nematode, @lone or in combination with yellows and root rot. 

On the basis of these tests, the nematode-resistant selections 
grown in nematode-infested soil showed sient tioemily less damage from 
beet yellows end root rot than commercial variety US 41 which was used 
as checke In some field tests under exposure to sugarbeet nematode, 


US 41 has shown moderate tolerance to nematode compared with other 
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commercial varieties. Differences in yield of US 41 and nematode- 
resistant lines will vary according to exposure to di neades other than © 
nematodese US 41 has a high degree of Pedistance to curly top and, 
unless lines developed for resistance to nematode ere also resistant to 
curly top, the yields will be low under conditions of curly top | 
exposure either in nema.tode-infested or nematode-free soil. This 
probably would also be true with exposure to other diseases for which 
the lines have no resistance. | 

Much work is necessary to develop lines of sugarbeets which are 
resistant to combination of nemstodes end other disease prevalent in 
the areas in which sugarbeets are grow. It is hoped thet the work 
under way ®t the Salinas Station will open the way to commercial 
development of sugarbeet varieties resistant to the Siekhld ofitesatone: 
Hybrids developed by Mrs. Helen Savitsky by crossing cultivated sugar- 
beets and wild species are being tested at Salinas, and the most 


promising material is being screened for nematode resistances 


Testing Breeding Naterial in Field. 


An evaluation test with nematode—resistant lines and a commercial 
variety (US 41), used as check, was conducted in a field at the U. S. 
Agricultural Research Station, Salinas, California. A large population of 
the sugarbeet nematode has been built up in the soil by means of adding 
to the soil large numbers of nematode cysts which had been aoramied 
from the soil in a commercial field in which extreme damage to sugar~ 


beets had resulted. To further increase the population of nematodes in 
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the test field, sugar beets were planted prior to the test. To deter-— 
mine the uniformity of the infestation, beets were carefully removed. 
from the soil and the roots examined for presence of female nematodes. 
It was found that the infestation of the soil was uniform and severe, 
judging from the large numbers of nematodes on a1] beets examined. 
Differences in foliar growth between some lines bred for resistance to 
nematode and US 41, used as check, were observed in the test plot. 
(Figure 2). Yields of roots also were significantly different emong 
the lines tested. (Table 2). 

Referring to Table 2, it is seen that yields of roots in tons per 
acre of 66 lines were higher than US 41. The increases'in yield vary 
from 8.670 tons and 751% to 2087 tons and 3.0%. Seventeen lines 
yielded lower than US 41. The results of this test indicate that some 
of the nematodeeresistant lines have possibilities in the breeding 
progrem, while others do note It has been pointed out that combinations 
of disease factors have a profound influence on the ability of a line 
to yield satisfactorily. In this test the beets were exposed to all 
the diseases prevalent during the growing seasone It should also be 
pointed out that the beets in this test were planted late in the season 
so as to secure maximum demage from sugarbeet nematode. 

In Celifornia, sugarbeets planted in wintey, when nematodes are 
less active, withstand attack from nematodes much better than late- 
planted beets. The yield of beets planted on heavily infested soil 
with susceptible varieties may be increased to an appreciable amount 


if the beets are planted in winter,as compared with Spring plantings. 


Figure 2e 





Field test of nematode resistant lines of sugarbeet com- 


pared with check (US 41) under condition of heavy exposure 
to sugarbeet nematode. Two rows in front of white board 


are resistant line O19 on left and US 41 on right. 


7 
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Table 2. SUGARBEET NEMATODE RESISTANCE EVALUATION TEST, . 


SALINAS, CALIFORNIA, 1961 


Variety Acre Yield Increase Acre Yield Beets per 


or Line Tons over Check (US 41) 100 ft. row . 
Tons Percent Number : 

een neice careonnguengeente seen eee te bene Oe OO Le BUMS 
1033-1 206216 84670 7561 rr 
057=10 19.083 76537 65.3 132 
857-3 18.821 70275 6320 ‘126 
033-1 18.299 6.753 58.5 141 
CO76=6 18.037 64491 56 02 rr 
059~8 17.773 60227 5369 120 
801-7 17.645 6.099 5268 114 
U074 17.515 50969 5147 126 
802-23 17.514 5-968 51-7 138 
CO57~-15 17253 5e707 49.4 ; 123 
861-25 16.992 50446 4762 lil 
801-13 166599 52013 43.4 114 
060 162469 4.923 4206 129 
857=5 16.208 42662 40.4 123 
054~1 16.070 4,524 3902 123 
019 15.946 4,440 3825 ah, 
902107 15.946 44440 5865 oe 
10896 15.946 4.440 38.5 112 
060-3 15.684 44138 35.8 129 
801-3 16.554 4,008 3467 123 
BO75 15.423 30877 33 06 111 
1089B 15.162 5e616 O13 99 
801-12 154162 $616 $1638 120 
1033=1 14.901 30555 29el 96 
860=4 14.770 5ee24 2707 120 
90.105 14.650 30104 2609 108 
063 14.639 5.093 26.8 114 
860-7 14.509 20963 2567 99 
C034 14.377 20791 2422 108 
co28 14.377 20791 2462 ” 105 
CO50<6 14.290 20744 2528 135 
39(901) 14.247 26701 2504 126 
861-17 14.116 £2570 2265 111 
859~3 14.116 20570 Raed 120 


062-15 14.116 20570 2203 Lid 


Table 2 ~ Continued 


Variety Acre Yield Increase Acre Yield Beets per 
or Line Tons over Check (US 41) 100 ft. row 
Tons Percent Number 
C032 14.114 2-568 2202 105 
033-3 13.942 20096 20.8 117 
862=3 13.724 26178 18.9 120 
801<2 134724 26178 18.9." 114 
90.5 132724 22178 18.9 Te 
4050-6 13.593 20047 1767 108 
802-13 132462 1.916 16.6 117 
CO56=1 132419 1.873 1662 117 
033 13.332 1.786 15.5 111 
075 134330 1.784 15.5 112 
892-5 13.070 1.524 1362 117 
834-1 12.2940 1.394 12.1 114 
862-7 12.940 1.394 1261 105 
033-1 122940 1.394 12.1 101 
. 834-2 12.940 1.394 12.1 104 
980-23 12.940 1.394 l2el. 105 
062-11 12.896 1.350 11.7 117 
931-1 124802 1.263 10.9 105 
CFO68 12.678 1.132 98 111 
27(896) 12678 1.132 9.8 117 
980-17 12.548 1.002 8.7 ek 
90~106 12.548 1.002 Be? 108 
050 12.286 e740 604 120 
0317 124286 «740 6 4 112 
862-7 12.050 2 504 4.4 105 
BO76 12.025 2479 43 114 
861-27 11.894 20548 300 114 
062~13 11.894 0540 300 104 
1089V 11.633 2087 3.0 84 
802=9 11.633 e087 5.08 108 
US 41(ck.) 11.546 ~~ -~ 102 
1089A 11.502 -- ones 102 
947 —14 11.502 ~~ ~— 105 


F2067 11.371 =~ -- 104 
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Table 2 = Continued 


Variety Acre Yield Increase Acre Yield Beets per 


or Line Tons over Check (US 41) 100 ft. row 
Tons Percent Number 
980-8 11,871 -- -- 96 
935 11.243 =< ~— 102 
1000 11.2241 ~~ — 99 
035-1 10.849 _ ~~ 93 
993—3 10.718 -- ~00 114 
054 10.718 we = 105 
1089 10.587 -- = 81 
9229 10.456 -“ — 81 
050-6 10.456 -- —— 108 
F9065 10.195 ~-- “- 120 
804<2 9.808 ~~ ~~ 96 
056 9,672 ~— a= : 90 
M032 8.888 “< ~— 88 


013 8.255 a -- Lid 
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Testing Breeding Material in Crocks. 
In addition to testing and selecting sugarbeets in greenhouse and 


field for nematode resistance, selected lines were also tested in 
3egallon crockse The crocks were located outside the greenhouse 

(Figure 3), and the beets were subjected to all the diseases prevalent 
in the area during the growing seasone The crocks were divided into 
lots of 20 eache Seeds of each line tested were planted and seedlings 
thinned to a single plant in each crocke Ten crocks contained nematode~ 
infested soil and ten crocks contained nematode-free soile There were 
three such replications,or a total of 30 crocks,for each line in 
nematode-infested and nematode-free soil. To insure uniformity of soil 
in each crock, 811 soil used in the test was thoroughly mixed HG on to 
beginning the test. Nematode-infested soil was added to the crocks in 
which bores were tested for resistance to nematodes. In an equal number 
of crocks used as checks, no nematode cysts were addede Cultural 
prectices, fertilization, irrigation, etc., were maintained uniform 

for all crocks. Beets in the crock test were exposed to yellows and 
mosaic. The beets were not artificially inoculated with the two viruses. 
Under natural infection, all plants did not acquire the diseases at one 
time. Plant symptoms were of varying degrees of severity, but it is 
assumed that beets growing in nematode-infested and nematode-free soil 
were effected approximately the same, and,therefore, any reduction in 
yield would be from effect of nematode. The results of this test are 
presented in Table 3. Loss in weight of roots due to disease varied 


from 51% in 9229G to 1% in 062-11. Loss in check (US 41) was 23%. 


Gas 





Figure 3. Sugarbeet test for resistance to sugarbeet nematode at the 


U. S. Agricultural Research Station, Salinas, California. 
Seeds are plented in 3 gallon crocks in nematode-infested 


and nematode-free soil. 
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Table 3. TEST FOR NEMATODE RESISTANCE IN 3-GALLON CROCKS, 


SALINAS, CALIFORNIA, 1961 


Nematode-Free Soil Nematode-Infested Soil 








Variety Ave Wt. Per Beet Av. Tt. Per Beet Loss 
Grams Grams Percent 
US 41 679.1 52304 2209 
028 944.5 76307 19 ot 
032 7071 621.9 1201 
033-3 . 714.2 61402 14.0 
034 74263 581.3 2167 
050-6 844.2 687.1 18.6 
056=1 76205 676.5 11.3 
057-15 850.2 690.5 18.8 
062-11 791.0 784.8 08 
075 73962 589.7 2062 
9229G 807.4 596 04 50.9 


1089G 60662 513.9 15.2 








Figure . Root system of a sugarbeet showing high incidence of cysts 


of Heterodera schachtii, indicating high susceptibility to 


the nematode. (Photo by Charles Price.) 
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VARIETY TEST UNDER SEVERE NEMATODE EXPOSURE 
LEWISTON, UTAH, 1961 


By C. H. Smith 


INTRODUCTION 

The evaluation of varieties of sugar beets for nematode resistance in 
1961 was conducted on a nematode-infested field located on the Amalgamated 
Sugar Company farm at the Lewiston, Utah, factory. Lines of sugar beets that 
had been previously selected for nematode resistance were obtained from 
U.S.D.A. Research Stations at Salinas, California, and Logan, Utah. Sugar 
beet lines unselected for nematode resistance were provided from Beltsville 
and Logan stations. 

Careful observations were made of all varieties prior to thinning. 
Temperatures were high and soil moisture was good ror germination, resulting 
in workable stands in all varieties. Heavy loss of seedlings Boeihed at 
thinning, continuing for nearly two weeks after thinning. The heavy seedling 
loss was determinee to be chiefly from black. root rather than nematodes alone. 
Greenhouse tests with cultures of fungus taken from affected beets is expected 
to give definite proof of the causative organisms The loss of replications 


became so great that the field was abandoned August 15. 


Discussion of Varieties 
The behavior of certain lines tested in previous nematode tests was 

similar in this test. The basic numbers used as controls, from which standards 
of classification of the various lines in nematode resistance were based, gave 
their normal reaction to nematode attacks. Vigor standards were based upon 
the assumption that the two control numbers used--028 and 211H3--were placed in 
an intermediate position. In the tables listing the lines tested, vigor rating 
given is an eeaae of the number of replications remaining in re test at the 


time of classification. In the August readings stand and uniformity notes were 
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jncluded to complete the picture of varietal reaction. Averages of readings 
of the two controls were of replications located in the plot area of the 
lines considered. 

Prior to abandoning the field on August 15, careful examination of 
the saidte revealed that all plants in a Beta patellaris plot were dying. 
Root examination showed almost complete root deterioration. Plants from 
another plot were examined and similar deterioration or rot was observed 
on the larger root tips. Infected tissue was plated on agar and will 
be cultured and tested on sugar beet seedlings to determine whether it is 
the same causative organism which previously attacked sugar beet seedlings 
at thinning. It is believed that the high water table of the beet field 


aided materially in this root rot development. 


VARIETY TEST UNDER SEVERE NEMATODE EXPOSURE 
LEWISTON, UTAH, 1961 


GROWER: Amalgamated Sugar Company. 

SOIL TYPE: Syracuse fine sandy loam. 

PREVIOUS CROPS: 1957, sugar beets; 1958, alfalfa; 1959, alfalfa; 
1960, sugar beets; 1961, nematode test field. 

PLANTED: May 22, 1961. 

THINNED: June 20, 1961. 

ITRRIGATIONS: High water table--irrigated by sprinkling as necessary. 

EXPERIMENTAL DESIGN: Each group of sugar beet lines was randomized 
throughout the experimental area. Effective plot length 
of 21 feet with 22 inches between rows. Single-row plots 
used throughout the test. Objective at thinning was 6 to 
8 inches. Four-foot alleys separated the ends of each plot. 
Control plots were planted as strips every twenty rows. 
Each group of sugar beet lines appeared together in each 

replication for convenience of observation. The selected lines were 


from highly vigorous lines under normal planting conditions. 


a lee 


VARIETY TEST UNDER SEVERE NEMATODE EXPOSURE 
LEWISTON, UTAH, 1961 


Ta MORE REPS DR UULYNOO MLOOLPTHMAURUSt 0; LOOL a ae 
Number History plant- Vigor Reps Vigor Stand Uni- Reps 
00.1 80.7 6 1.83 5 2.2 3.0 1.9 5 
80.7 6317-3 0.P. = 56-408 A.C. 6 2.12 h Dai 1.5 1.63 y 
00.2 83.10 from 56-409 sel. 6 2.5 5 135 2.9 1.6 5 
90.100 80.8 0.P. = 6318-56409 A.C. 6 1.75 5 1.4 2.1 ae 5 
00.5 80.22 from 55-410 A.C.sel. 6 2535 5 best 2.2 1.5 5 
80.19 6320-4 0.P. = 55-h10 6 2.0 Se ae LT 2.0, 1.6 5 
028 US 41 1 2.5 u 2.0 3.0 2.5 1 
80.20 6320-5 0.P. = 55-410 3 2.0 2 2.0 3.5 2.0 2 
80.22 6320-7R O.P. " 2 2.25 2 1.5 2.5 1.5 1 
80.21 6320-6 0.P. - 6 asi k 1.25 2.63 1.25 iF 
90.101 80.17 0.P. = 6320-55-H10 A.c. 6 1.9 5 Toad 2.5 1.5 \ 
028 US 41 6 2.0 h 2.0 IAT tat h 
00.6 80.2 from 56-412 A.C. sel. 6 2.5 k 1.3 1.5 1.63 h 
80.24 6321-2 0.P.=56-412 ..C. 6 205 a 1.0 1.5 1.33 4 
90.102 80.23 0.P. = 6321 = 56-412 A.c. 6 2.4 5 1.5 1.8 1.8 5 
00.7 93530 from 56-410 A.C. H.Gal. 6 gel 5 1.4 2.1 1.4 5 
00.8 93544 from 56-410 A.C. LeGal. 6 1.83 3 1.8 1230 1.8 3 
0107 211H3 MM MS X Grp.A. Nem.sel. 6 2.0 4 217 2.0 2.0 3 
0198 9145 mm MS (SL 129) x 

Group A, Nem. sel. 6 2.13 4 1.25 OteSmerl <5 2 
00.100 9353A--from 56-410 A.C. H.Gal. 6 1.o5 3 1.25 2.5 1.25 2 
80.2 6316-2 0.P. 56-407 A.C. 6 2.5 \ 1.25 2.75 45 2 
90.99 80.1 0.P. 6316 = 56-hO7 A.c. 6 2.4 5 1.25 2.25 1.75 2 
00.9 80.355 from 590-8 P. 6 2.87 4 Bes 2.0 1.5 3 
80.36 6351-8 0.P. 590-8 P,US 75 6 5.25 4 2.38 2.6 1.775 h 
80.37 6351-9 0.P. 590-8 P 6 2.75 4 2s) 2.5 1.87 h 
90.5 80.29 0.P. 6351 = 590-8 P. 6 2.63 y 2.25 3.0 2.0 4 
90.105 80.29 0.P. " 6 2.57 k 1.5 3.0 1.67 3 
883 590-8 P. 6 2.5 4 1) 2.88 1.88 k 
00.12 888 from 591-3 P. 6 2.57 k 1.88 Oc io week h 
888 591-3 P. 6 2.25 h 2.0 2.6 Te oil 7 4 
00.13 - 892 from 594-1 P. 6 2.3 5 Troy 2.5 LOT 3 
892 594-1 P. 6 2.4 5 2.0 a 2.0 3 
00.10 80.58 from 590-12 P. 6 2.5 in 1.67 2.3 Lo07 3 
80.56 6353-4 0.P. 590-12 P. 6 2.62 k POT 2.3 eos 3 
80.58 6353-6 0.P. 590-12 P. 6 2.13 h 1.3 1.837 263 4 
90.9 80.57 0.P. = 6353 = 590-12 P. 6 O57 ae 2.0 2.5 1.83 3 
90.106 80.57 0.P. 6 2.25 \ 1.83 2.3 2.67 3 
886 590-12 P. from US 75 sel. 6 O57 38 Leo “Geseo ebegS 4 
00.12 80.59 from 590-12 P. 6 2.0 4 2367 2.17 1.83 3 
00.14 854-4 p. 6 2.33 3 aay as eee leay 4 
00.16 853-3 P. 6 Peon 3 Lo 53.5 2.0 2 
00.17 8249 mm (747.14 X Misc. mm) 6 2.5 4 1.75 3.5 2.0 2 


~ 272 = 





eps ugust 0, 
Number History plant - Vigor flaps Vigor Stand Uni- Reps 
ed formity 

00.18 US 22/4 sel. G- - 210 4 1.5 2.5 1.5 k 
92 us 22/4 6.2  2:330« i796 2.25 2.7 1.6 4 
0199 9145 mm MS X Nem. sel. 

(Shaw) (SLC 129) 6 2.3 5 2.17 2.3 1.3 3 
0108 21183 MM MS X Shaw B Grp. 6 2.2 5 2.0 2.3 1 3 
80.46 6352-5 0.P. from 590-9 P. 6 2.13 4 253 2.5 1.5 3 
80.47 6352-6 0.P. from 590-9 P. 6 1.87 h 1.88 2.6 1.75 4 
80.49. 6352-8 0.P. — " a 6 2.0 k 1.88 Qviser 1.5 h 
90.35 80.75 0.P. = 6354 = 592-3 P. 6 1.66 h 1.88 2.5 1.5 h 
90.107 80.75 O.P. bs . 6 1.63 4 1.88 2.25 1.63 h 
90.108 80.78 0.P. i A 6 1.63 k 2.0 2.3 1.67 3 
80.79 F Mm 747.12 X Nem. res. sel. 

= 609 X sibs 2D. 6 5.2.08 5 1.5 1.7% 1.75 2 

80.80 F Mm 747.14 X Nem. sel. = 

SLC 117 X 609 6 2.3 5 2.0 2575 11.5 2 
00.15 833-1 P. 6 2.5 5 1.5 22506 1,5 2 
0106 211H3 MM MS X 833-1 P. 6 2.5 5 1.5 2.8 1.5 2 
0132 9145 mm MS X 833-1 P. 6 2.5 5 2.0 R257 1.5 2 
O47 FyMm 9202 mm X 833-1 P. 6 2.4 5 1.5 SOLE 1 SE 2 
o472 9715 mm X Shaw Nem. sel. 6 2.0 4 1.5 Letae. 2.5 2 
0473 9202 mm X Shaw Nem. sel. 6 2.25 4 1.5 Si75Pt 1.5 2 
o474 9207 mm (SLC 128-0) 

Shaw Nem. sel. 6 2.0 k 1.5 2.25 1.25 2 
028 US 41 6 2.25 4 1.75 2... 175 2 
Controls: 
028 US 41 18 2.35. 12 2.23 2.55. 1.82 11 
212H3 112 H3rr X 1211 ana 112 18 2.5 2.14 3.14 1.68 a7 
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* Key to grading nematode beets 


Vigor »=-1 to 5 
Stand = 1 to 5 
Uniformity = 1 to 4 


VARIETY TEST UNDER SEVERE NEMATODE EXPOSURE 
LEWISTON, UTAH, 1961 


Reps July 20) L961 August 5, L9OL 
Number History plant- Vigor Reps Vigor Stand Uni- Reps 
ed formity 





8335 U-I R 161-1957 seed crops 


SLC 122 MS mm X Sp 571-0 6 1.66 6 1:63. FS 1.65 4 
8336 U-I R 162 SLC 122 MS mm 
X SP 57102-0 63 1.83 6 2.OUNSEYE TS 1.75 4 
880 590-3 P. Sel. US 75 6°9 1.85 6 2.0" Mali Ot9 4 
881 590-5 P. Sel. " Soe las 6 E.05*9 T2G5s2 175 3 
882 590-6 P. Sel. " 6 1.75 6 T.85«) 566°" 1586 \ 
884 590-9 P. Sel. " 6 2.08 6 2.0 Ot 3T = 1280 4 
885 590-11 P. Sel. " 6 2.0 6 FOS 2481508 S15 h 
887 591-2 P. 6,0" Lei 6 1.88 -°2:0 1.88 y 
889 592-1 P. US 33 sel. 6 et0b JG 2.25 -Ua a8 1e75 \ 
890 592-2 P. ; 6 230 6 1:88 1:75: 1360 h 
891 592-3 P. 6 1.66 6 £08 “°T35 1.57 4 
893 594-2 P. 6 1.66 6 1.5 1.5 1.37 4 
894 Fy 7267 X 590-3 etc. 6 1.25 6 LIFT 1.3 1717 3 
9351A 58-418 Low Gal. sel from 
56-408 A.C. 6 1.58 6 Dio PLt67= 1516 4 
93524 58-419 =" ‘ 6 1:5 6 112” 81.62 °° 1.5 \ 
93534 58-604 High Gal. sel. from 
56-FLOIA.C. 6 1.5 6 yey 16 1.6 5 
53544 . 58-605. Low Gal. sel. from 
56-410 A.C. 6 1.25 6 1.4 7 137 5 
93554 56-407 Low Gal. sel. from 
561s AVC 6 1.58 6 1.4 1.6 1.5 5 
9356A SIC 117 X 56-407-0 xX (610 X 
91) 108 X 117 MS) X 56-407-0 6 1.58 6 152 1.4 «ig ys 5 
028 US 41 3 1.83 3 1.25. 1225 195 2 
0913 Beta patellaris (1950 seed) 3 1aG 2 0 KO 150 2 
6051-0 Lines from G, E. Coe, 1961 4 135 4 35 135 2.0 7 
60103-01 4 1.75 h 1.5 2.0 2.0 1 
60104-01 4 Le 4 425) Oe ee 2 
60105 -01 4 pW ee 4 lL. FS 2.0 2 
60106-01 4 1403 4 135 Leey, tao 2 
60107-01 4 1-75 \ 1.5 Lee es 2 
60108-01 iF 1.5 k 25) 130 1.75 2 
60109-01 4 1:57 4 M25, 1705) 175 2 
60110-01 h 1.5 \ laT5 1585" Leas ' oe 
60111-01 4 Ls 4 L367 21hRz. FLI6% 2 
60112-01 Ue a Pati as 2.0 
60113-01 k Ls07 k OolT ae 2.17 : 
60114 -01 h 1567 h 2.0 1,672 1703 5 
ie pet 4 1.75 4 2.5 1.67 2.0 3 
pA eet 4 1375 4 2.5 lelp 167 3 
preety eS 4 2.17: 166s os 3 
a -OL ho 1.75 4 2.17 9.83 seo 3 
119-01 h 1.63 4 1.83 1.83 2.0 3 
eee \ TOF 4 Lee d7 5. oe keS 34 
121-01 4 1.87 k 1:67. ota fae Ge 3 
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VARIETY TEST UNDER SEVERE’ NEMATODE EXPOSURE 
LEWISTON, UTAH, 1961 


Reps July 20, L901 August 8, LOOL 
Number History plant Vigor Reps Vigor Stand Uni- Reps 
ed formity 





Lines from Charles Price 


4050-6 1961 6 2.33 6 OT Clan eo 3 
Cc 068 6 1.75 6 2.25 2.0 1.75 2 
CF 068 6 203 6 CL esi Ss0 3 
MO-74 6 1.58 6 LeO Te 1.07 155 3 
1089 6 2.08 6 4587 ~L.75. 1.35 k 
B 076 6 65 6 1.5 1:75 1.25 4 
075 6 135 6 Le To elsO lt) ke TD mn 
054 6 1.75 6 1G0 ye 5G cor 4 
056-1 6 1.58 6 T05, Ss ledoe, Lede 3 
0317 6 1.3.75. 6 2.0 1.5 1.5 3 
057-15 6 1.75 6 137 140 1.4 5 
060 6 1.75 6 1.9 1.9 1.9 5 
033 6 1.33 6 Lay eT 1.4 5 
032 6 1.67 6 1.9 5 eo 5 
SL 060-3 6 no 6 1.4 137 155 5 
SL 062-13 6 15 6 TRTSaet Osa Lek © | 
SL 054-1 6 Aah 6 1,67’ 1.3 1.5 6 
M 032 6 1.83 6 1.5 IST, Tat 5 
O24 6 1.58 6 14 1 lt 1.6 5 
060-3 6 1.5 6 2.2 1.8 2.0 5 
C 050-6 6 1.75 6 2.67 2.67 1.67 3 
C O34 6 1,65 6 207 eso 1.5 3 
C 094-2 6 1.5 5 Seo welcome Tit h 
SL 062-15 6 1.5 6 LeST oles kes h 
1089-A “: 6 2.08 6 V.07ee 2.5 15 4 
9122A FyMm 7121 mm X CT5 rr 8 1.81 8 iG 1.8 1.8 5 
9140 7121 MS mm X 803 of CTS MM 8 1.63 8 2.0 1.6 1.8 5 
0110 211H3 MM MS X 92h etc. 
(cT5 mm) 8 1375 8 1.8 15 Lay 5 

0179 9132 rr mm MS X 924 etc. 8 1.94 8 2.0 2.0 Lea 5 
o462 7864 of CT8 X 5080 

(line 289 ++) 8 1.88 8 1.8 1.6 1.4 5 
E 67 CT9 MS X Amalgamated mm 8 1.7 8 2.0 10 lac 5 
O457 630 X 94.55 of CT5 8 1.94 8 1.9 1.8 1.3 5 
0539 95.267.3 rr mm ++ O.P. 8 a 015 8 By 1,6 1.6 5 
oh 64 43145 X 5080 6 1.75 6 135 LTS oT h 
8210 7207 X 7725 mm 6 1.93 6 2.0 1.5 1.12 k 
9450 803 aa of CT5 X sibs +a 8 2.08 6 2:2 2.0 ey 5 
94514 84.54 aa of CT5 X sibs 8 2.58 6 2.6 150 ae 5 
9051 84.54 of CT5, sib 0O.P. 8 3.07 7 2.7 2.0 1.5 5 
9052 84.55 of CTD, O.P. 8 4.0 8 2.7 2.2 1:7 5 
Controls; 
028 US 41 oh Be 23 TerOwetls tL. cbeovw en 
211H3 12°H3 rr X 111 and 112 ak. 1.94 ah isT ye 1t.69 FL. ace oo 





* Key to grading nematode beets Vigor =1t%t05, Stand1to5, Uniformity 1 to 4 
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ISOLATION OF HIGHLY VIRULENT STRAINS OF CURLY TOP VIRUS 
FROM BEETS IN WESTERN UNITED STATES 


C. W. Bennett 
Introduction 


It has been known for more than 50 years that beet curly top virus 
is a complex of strains that vary in virulence, induced symptoms, host 
range, and perhaps other characteristics. Giddings (2,3,5) described 
12 strains of this virus. One strain obtained from Idaho was highly 
virulent on sugar beet and was designated "Strain 11" (5). This strain 
is. capable of causing marked injury even on resistant varieties of sugar 
beaun 

During the season of 1960 curly top caused considerable damage to 
individual plants in some fields in central San Joaquin Valley, but no 
special study was made of strains of the virus involved. In 1961 curly 
top symptoms were so severe on plants in Ge niain fields near Shandon, 
Los Banos, and Tracy that it was thought advisable to compare the 
degree of virulence of the virus winded involved with that of strains 
previously isolated. Results of these tests are presented in this report. 


Materials and Methods 


Beet plants affected with curly top were selected from fields near 
Shandon, Los Banos, and Tracy, and planted in pots at the U. S. Agricultural 


Experiment Station at Salinas, California. Also, beets received from 


att) oe 


Wyoming and from Colorado were potted and included in the tests. 
After sufficient top growth was produced on the potted becvahernt 
viruliferous beet leafhoppers were allowed to feed on the diseased 
plants 4 days, or more, and then caged singly on seedling sugar beet 
plants. To determine the relative virulence of virus from different 
field beets, tests were made using the susceptible selection SL The, 
the resistant variety US 75, and the very resistant selection SL 68. 
Additional tests and subtransfers were made on US 75 and on hybrid 
varieties with high degrees of resistance. 

Only plants with very severe symptoms were selected from fields 
in California. Therefore, the virus recovered from these plants 
probably represents strains of virus of the highest virulence te be 
found in the respective fields and the results are not necessarily 
representative of the fields as a whole. 

Results were compared with those obtained with strain 11 on the 
different varieties and selections used in testing the field beets. 
Strain 11 was chosen because it is the most virulent of the curly top 
virus strains described to the present time. This strain was tested 
at Jerome, Idaho, in 1956 and 1957, on four varieties of beets growing 
in field plots (7). In both years, strain 11 caused substantially 
greater losses on all varieties than was caused by natural infection. 
‘This was true even in 1957 when plots naturally infected yielded only 


2inT to 5.20 tons per acre. 
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Severity of injury on the test plants by virus from different - 
field plants was estimated on the basis of stunting, leaf curling, 
and plant survival. <A numerical grading system, ranging in ascending 
order of severity from 1 to 5, inclusive, was used in estimating 
relative virulence of virus from the different sources. 


Results 


The results of tests of representative beets from different areas 
are shown in Table 1. As would be expected, a range of severity of 
symptoms was produced by virus from different sources. Highly virulent 
strains were obtained from beets from Shandon, Los Banos, Tracy, and 
Wyoming. Some of these were obviously more virulent than strain ll 
with which’ they were compared. The relative amounts of dwarfing by 
a strain of virus from Shandon and by strain 11 on a hybrid variety 
(1 X 3) and on US 75 are shown in Figure 1. Several other isolates 
appeared also to be more virulent than strain 11 when tested on US 75 
(Table 1). 

Transfers from some of the field beets gave uniformly severe effects. 
Transfers from others gave a range of severity of symptoms on US 75, 
indicating that the plants were infected with a mixture of strains. 
Subtransfers from mildly affected test plants gave predominantly mild 
symptoms; whereas transfers from severely affected plants gave severe 
symptoms. only, or a range of severity of symptoms, indicating that more 
than one sca of virus had been transmitted. These results supply 
further evidegge that field beets often are infected with a mixture of 


curly top-virus strains. 
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Table 1. Relative virulence of curly top virus strain 11 and 
isolates from beets from different areas of western United States, 


as indicated by tests on the variety US 75. 











doureasot beet Number! Of plants showing 
Ea indicated grade of severity 
tested 
rt 2 3 4 | 5 _ Average 
Severity 

Shandon 0, adipubeprote acto 7 ae a 
Sehyiction | 0 3 6 7 2 3.4 
Shandoh 3 2 5 2 k at 
"Shandon Ob: O.. gOS ame eee 4.8 
3 Shandon 0 0 0 10 7 | oh 
Shandon ee Ce 0 7 7 | 45. 
Shandon 0 1 1 5 11 hy 
Tracy . ‘ 0 0 0 0 ol 2 +0 
reer 0 0 a > Ls 4.7 
Tracy _ 0 2 5 5 0 3.2 
Los Banos — 0 0 0 i DL 4.9 
Los Banos | 0 0 0 ia le 4.9 
Los Banos 0 Ona <1). 3 9 44 
Wasco 0 2 12 0 0 2.8 
Wyoming O 2 14 0 0 | 2.9 
Wyoming 0 1 1 Sie LS 4.6 
Wyoming : 0 6 10 0 0 2.6 
Strain 11 0 0 6 Te 2 3.8 
Strain 11 Oa eee G 2 9 by | 41 
Strain 11 0 0 oe 2 3.8 


17 Twenty plants were inoculated in each test. 


1 
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Sugarbeet plants showing the effects of a Shandon (S) 
curly top virus isolate and strain 11 on 1 X 3 (top) 


and US 75 (bottom). 
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Giddings (4) showed that a single beet leafhopper is able to carry 
a combination of at least three strains of virus. When such leafhoppers 
were allowed short feeding periods on seedling beets, they introduced 
the Sade into the plants singly and in all possible combinations. 
The beet leafhopper, therefore, may infect beets with more than one 
strain of virus in a single feeding. Also, plants infected with one 
strain remain susceptible to infection by other strains. If the second 
strains is more virulent than the strain a igesay present, symptoms of 
curly top are increased by the second strain. 

Four of the more virulent isolates--one from Shandon, two from Los 
Banos, and one from Wyoming =pwere selected with which to make a series 
of transfers to different varieties and selections of sugar beets and 
other plants. These isolates have continued to produce very severe 
symptoms on resistant varieties and selections such as US 75 and SL 68. 
Infected plants of US 75 produced curled and dwarfed leaves, and little 
growth was produced after the plants showed first symptoms of disease. 
High percentages of plants inoculated in the cotyledon stage with the 
four virus selections were killed. The virus isolates have maintained 
their relative degrees of virulence, as compared to strain 11, through 
three or more transfers on US 75. Each of these four isolates has 
appeared to be more virulent than strain 11 on sugar beet. 


Damage by Virulent Strains of Virus 


It is not possible to accurately assess the damage produced in 
1961 by virulent strains of curly top virus in any specific area,because 


injury varied in different: fields depending on the time of infection, 
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vigor of plants, and other factors. It was evident, however, that in 
certain fields yields were greatly reduced. 

In the Shandon and Los Banos areas, beet leafhoppers moved into the 
peet fields a month to six weeks earlier than normal, owing to the 
earlier drying of desert vegetation which forced the leafhoppers to 
migrate. In certain areas, also, there was overwintering of leafhoppers 
on the floor of the valleys; close to beet fields in some instances. 

In some fields leafhoppers were present at thinning time. Where conditions 
were unfavorable for very rapid growth, leafhoppers multiplied in the 

beet fields and produced high percentages of infection. In some fields 

the Lleafhoppers continued to multiply through the summer. Fields were 
found near‘ Los Banos and Shandon that had fifty or more leafhoppers per 
plant in June and July. Plants in these fields did not attain sufficient 
size for the foliage to cover the rows. Thus, they were exposed to 

direct sunlight throughout the summer and remained favorable hosts for 
multiplication of leafhoppers. 

The high summer populations of leafhoppers probably account for 
the severe damage noted in some fields. The leafhoppers that initially 
invaded the beet fields from the desert areas undoubtedly carried many 
different strains of curly top virus ranging in virulence from mild to 
very severe. Tests over a period of years have indicated that leaf- 
hoppers from desert areas predominantly carry mild strains of virus. 
Giddings (6) suggested that this is due to the fact that virulent strains 
of virus kill most desert host plants. If this is true, virulent strains 
of virus that may be developed in the natural breeding grounds of the 


beet leafhopper tend to be self eliminating. 
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After virus is carried from the desert breeding grounds to beet 
fields by the beet leafhopper, factors involved in strain selection 
change radically. In beets it is the highly virulent strains of virus 
that are best equipped to survive. 

The sugar beet plant is an excellent host for increase Bee beet 
leafhopper if plants are small and exposed to full sunlight. If the 
plants are large and the foliage covers the rows so that conditions 
of shade and high humidity prevail, little leafhopper increase occurs. 
Virulent strains of virus, by stunting the beet plants, provide more 
favorable conditions for leafhopper increase. Also, since strains of 
curly top virus do not afford cross-protection against each other, 
plants infected with a mild strain of virus remain susceptible to 
infection with more virulent strains. Where high populations of leaf- 
hoppers are present in a field they may continue to spread more virulent 
strains throughout the season. The disease, therefore, may become . 
progressively more severe as the season advances. By the end of the 
season, most of the plants may be infected with the most virulent strains 
of virus along with any less virulent strains that may be present. 

Evidence of progressive spread of more virulent strains of curly 
top virus in fields already 100 percent infected was noted in beet 
fields near Los Banos as late as November 2. Many of the plants 
observed showed mild vein swelling on the older leaves, indicating 
that they had first been infected with a mild strain of virus. On 
November 2, some of these plants had young leaves that were badly curled, 


indicating that the plants had been reinfected with a more virulent 


virus strain. 
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As already stated, the strain complex in desert areas apparently 
has remained more or less stable over a period of many years. No ee 
factors are known to have been introduced that would change this condition. 
However, if conditions should arise which would permit perpetuation of 
virus on beets through the year, the percentage of beet plants infected 
with the more virulent strains would be expected to increase. 


Conclusions 


The results of tests of virus isolates from field beets in 1961 
indicate that strains of the curly top virus, capable of causing 
appreciable damage to resistant varieties of sugar beets, were present 
in widely separated areas of western United States. The Find ase 
emphasize the desirability of maintaining and increasing the curly top 
resistance of all new varieties that are developed for use in areas of 
western United States where curly top virus and the beet leafhopper are 


prevalent. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 
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INCIDENCE OF BEET VIRUS DISEASES IN 
RELATION TO OVERWINTERING BEET FIELDS 
James E. Duffus | 
SUMMARY 

Overwintering sugar beets serve as important reservoirs of several 
beet virus diseases. The occurrence of such fields adjacent to or very 
near young plantings can be partially responsible for serious losses in 
the plantings. If overwintering cannot be avoided, new plantings should 
be made as far away as possible from such sources. 

INTRODUCTION.--European reports (3,5) have indicated a close 
correlation between beet yellows virus incidence and overwintering beet j 
fields. Bennett (1) has indicated that the principal source of beet 
yellows infection of new beet plantings in the U. S. appears to be the 
beet itself. In Europe the sources include beet seed crops and clamps 
containing infected mangolds; in the United States, they include 
escaped beets growing in waste places and overwintering beet fields. 

Beet mosaic virus, in Europe, has been shown to be even more 
closely associated with overwintering fields than the beet yellows 
virus (5). 

The beet western yellows virus has been isolated from beet fields 
in high incidence during all times of the year (4), and when beets are 
present they serve as an important source of the virus, although a 
number of other crop and weed hosts also serve as important virus 
sources. 

Early during the 1958 growing season C. W. Bennett brought to the 


author's attention the possibility of studying the spread of yellows and 
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mosaic in the Five Points area of California in relation to an observed 
virus source, an overwintered beet field. The results of these observa- 
tions are reported here. 

METHODS.--Extensive surveys in s 126 square mile area surrounding 
Five Points, California, were carried out in an effort to map all beet 
fields in the area and to establish the occurrence of sources of virus 
which could subsequently affect the crop. 

The incidence of yellows (beet and western) and mosaic was assessed 
by counting plants in the fields at 2-week intervals during 1958 and at 
monthly intervals during 1959. The number of plants showing symptoms 
of the various diseases was counted in 10 to 20 samples (depending upon 
size of field) of 100 plants situated at equal intervals along diagonals 
of the fields: 

RESULTS.--Surveys in 1958 indicated that the major source of virus 
for the entire area was an overwintered, 160-acre, beet field. Scattered 
weeds in the Cruciferae and Compositae, especially along irrigation | 
canals, probably served as additional sources of the western yellows 
virus. Surveys during the winter of 1958-1959 indicated no overwintered 
beet fields in the area, but again numerous scattered weeds in the families — 
Cruciferae and Composite showed symptoms of western yellows. 

Figures 1 and 2 show the incidence of beet mosaic and yellows- 
complex viruses in 6 representative fields during both growing seasons. 
The field adjacent to the overwintered virus source in the 1958 growing. 
season (A) had extremely high virus incidence early in the aeesont The 


plants were essentially 100. percent infected with yellows and mosaic by 


May 15. Fields varying distances from the source field showed marked 
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Figure 1.--Virus incidence - Five Points, California, 1958. 
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Figure 2.--Virus incidence - Five Points, California, 1959. 
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reductions in amount and earliness of infection. This was especially 
true for the occurrence of beet mosaic. Fields 1.5 miles or more away 
from the overwintered source had infection curves which are probably 
representative of the area when such sources do not occur. They compare 
favorably with infection curves obtained during the 1959 season. The 
rermat eed field, however, probably contributed to a higher general 
level of mosaic in the area during 1958 and probably also added to the 
level of yellows. 

The elimination of overwintering fields during 1959 practically 
eliminated the importance of beet mosaic to the crop during this season. 
The curves of yellows incidence showed an important lag in build-up 
and are probably representative of the area in years when overwintering 
is not practiced. 

Evidence is accumulating that indicates that the western yellows 
virus is endemic in western growing areas and probably a large percentage 
of yellows infections in fields away from previous beet crops are 
induced by this virus. Beet yellows and beet mosaic are more epiphytotic 
in nature and depend upon the presence of overwintered beets. 

Data from the infection curves, Figures 1 and 2, when used to 
express the possible damage induced by these viruses in sugar yield show 
clearly the importance of early infection. 

Watson et al. (7) have shown with beet yellows that the loss of 
yield due to infection appearing at any time was approximately propor~ 
tional to the interval between that time and the date of harvest. They 
indicated that the loss caused by the disease on artificially infected 


peets was 4 - 5 percent of the sugar yields for every week during which 
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the plants show symptoms until harvested. Work in the U. S. (2,4) has 
indicated that these figures may be high for the virus isolates that 
occur here and that probable loss is approximately 1 - 2 percent per 
week. In calculating damage caused by mixed infections of beet and — 
western yellows viruses the figure 1.7 percent loss per week was used, 
e figure obtained in experimental plots with mixed infections of the 
2 viruses. 

Little is known of the loss induced by infections of the beet 
mosaic virus. Watson et al. (6) in replicated plots have Ehowl, however, 
reductions of 10 - 20 percent in sugar yield in plants infected for 16 
weeks, or approximately 1 percent loss per week. Half that loss (0.5 
percent) was assumed for our conditions. 

The calculated loss using these factors for the various fields is 
found in Table 1. These figures indicate that the fields near the over- 
wintered virus source had approximately twice the loss of sugar per | 
acre induced by these viruses as the fields 1.5 miles or further away 
from the source. The average percentage loss for the fields 1.5 miles 
or further away from the source in 1958 is essentially the same as the 
virus induced loss in 1959. 

Table 2 shows the actual yields of blocks of fields in this area, 
for the 1958 and 1959 growing seasons: Supplied by J. Veihmeyer, Holly 
Sugar Corporation. Although direct comparisons cannot be made because 
individual field yields were not available, the marked reduction in 
sugar yield in the block that contained both fields near the virus 


source as compared to the other fields in the area is readily apparent. 
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Table 1.--Calculated percentage loss of gross sugar caused by yellows 
and beet mosaic, Five Points, California 1958, 1959. 


Field Calculated percentage Location of field in 

loss in gross sugar relation to over- 
wintering virus source 

A - 1958 40.8" Adjacent | 

B 36.7 ~ 0.6 miles Bast 

Cc 16.3 2.5 miles Fast 

D 20.7 1.5 miles East 

E 23503 7-O miles S. East 

F 9.9L 3.3 miles S. West 

All - 1959 17.41 No overwintered fields 


“assuming Le Th loss for each week infected with yellows and 0. Sh loss 
for each week infected with mosaic. 


Table 2.--Actual yield and sucrose content of sugar beets, Five Points, 
California, 1958, 1959.% 
Yield of Gross 


Fields” Sucrose beets /A sugar /A 
- lb 

A, B, F - 1958 13.83 11.0 z0h2 

c, D, BE - 1958 eso 18.7 4862 

All - 1959 14.9 Lh 4290 


F 
Yields supplied by J. Veihmeyer, Holly Sugar Corporation. 


b 

Individual field data not available; A.-adjacent to source, B.-0.6 
miles East, C.-2.5 miles East, D.-1.5 miles East, E.-7.0 miles S. East, 
P.n-305 miles Se West, all fields 1959 =~ no overwintered fields. 
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Overwintering sugar beets serve as important reservoirs of several 
beet virus diseases. The occurrence of such fields adjacent or very 
near young plantings can be partially responsible for serious losses 
in the young plantings. It would seem advisable that if overwintering 
cannot be avoided that new plantings be made as far away as possible 
from such sources. 
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BREEDING FOR RESISTANCE TO VIRUS YELLOWS ON THE BASIS OF A 

SUPERIOR ROOT WEIGHT AND ON THE BASIS OF A SUPERIOR AMINO 

ACID RATIO IN THE MATURE LEAVES OF YELLOWS-INFECTED PLANTS . 
BY 


J. M. Fife 


SUMMARY OF ACCOMPLISHMENTS 
Sugarbeet selections, made on the basis of a superior amino acid 
ratio in the mature leaves of me Yioce ctr eotet plants and on a superior 
root weight from yellows-infected plants, of variety US 75, were tested 
in the greenhouse and under field conditions for resistance to virus | 


yellows. Tests were also conducted in the greenhouse to determine 


' 


the amount of resistance these selections have to curly top. 

Five selections were tested in the field with the parent, using a 
6.by 6 latin square plot arrangement and under severe yellows conditions. 
‘Three selections were superior to the parent in gross sugar per acre. 
Two of the five selections were pee to the parent in yield of 
beets per acre, while two selections ae superior to the parent in the 
percentage sucrose in the roots. The growth rate of young plants, 
under both healthy and yellows conditions, appears to be a reliable 
method of identifying selections having resistance to virus yellows 
and selections which have greater vigor under healthy conditions. 

Certain sugarbeet selections, made for resistance to virus yellows, 
were tested for resistance to curly top in the greenhouse. Of the 8 
selections tested, 3 selections showed greater curly top resistance 


than the curly top-resistant parent US 75. Three selections were equal 
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in resistance to the parent, while 2 selections were more susceptible 
to curly top than the parent. 

Three selections were made for resistance to virus yellows on the 
basis of a superior concentration of two amino acids and a superior amino 
acid ratio. in the mature leaves of healthy plants of curly-top-resistant 
vertety US 75. These three selections were not resistant to virus 
yellows, as expected, but were hizhly susceptible to curly top. These 
selections were found to be as diaoptanis to curly top as one of the 
most SRLS selections knowns that 18,742. It appears that 
resistance to curly top may be associated with aspartic acid and 
glutamic acid metabolism in the plant and that susceptibility to curly 
top may be obtained by selection from healthy plants. These studies 
indicate that curly top resistance nee be retained, or may even be 
increased while breeding for resistance to virus yellows. 

INTRODUCTION 
Twenty-eight plants, having a superior root weight and an amino 
acid ratio, aspartic acid + glutamic acid, greater than the mean in 
citrulline + alanine 
the mature leaves of inoculated plants, were selected from more than 
1000 plants tested. These 28 plants made up a polycross for seed 
increase. The seed from each plant was kept separately, thereby making 
each selection originating from a single plant progeny. Ten other 
plants, having a superior amino acid ratio and a greater than the mean 
root weight, made up a polycross for seed increase, The seed from each 
of these plants was also kept separate, thus making each of the 10 


selections originating from a Single plant progeny. 
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This report presents screening tests . which were conducted in the 
greenhouse and in the field to indicate which selections may be superior 
to the parent under extreme yellows conditions and suitable for further 
extensive field trials. Some of these selections were also tested for 
curly top resistance. 

PERFORMANCE TEST Of SELECTIONS UNDER 
SEVERE YELLOWS CONDITIONS IN THE FIELD 

Five selections, which appeared to show promise, of having 
resistance to yellows, were tested under severe yellows conditions in 
the field during the past season, This test was conducted in a section 
of the experimental plot along with the regular April 18 planting of 
the variety test for yellows resistance conducted by McFarlane, pannetty 
and Skoyen. The agronomic operations were the same for the entire plot, 
the only difference being the experimental design. The information 
pertinent to this test is given below. 

Location: Spence Field, on a sandy loam. 


Fertilizer Used: 4375 lbs. Per acre 10-10-5 preplant. 
260 lbs. Per acre, Sidedress, June 20. 


Thinned: May 24. Harvest date: September 25. Plots: 30 feet long. 

Disease; Inoculated with a virulent strain of yellows virus May 29. 

Irrigations: At 7- to 10-day intervals with sprinkler. 

Insects: Plot sprayed to control aphid and leaf minen.. 

Experimental design: 6 by 6 latin square, single row plots, rows 
spaced 28 inches apart. 


Sugar analysis: From two 20-beet samples per plot. 
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Due to the very small amount of seed available, a single seed was 
hand. Mr anted at 7-inch intervals. After thinning, small plants were 
transplanted in the few spaces where the seed failed to germinate, thus 
making a perfect stand during the growing season. At harvest, the 
transplanted plants were discarded leaving 89 percent of a perfect 
stand for yield and sucrose determinations. The yield of each plot was 
corrected for stand. The results of this test are shown in table l. 

Using Duncan's multiple range test, it was shown that the values 
having a superscript "a" are superior to the parent at the 5=percent 
level. 

From this test, it appears that two selections may produce a 
significantly greater yield of roots than the parent, while two athek 
selections appear to have a significantly higher sucrose content. Three 
of the five selections tested produced a significantly greater gross 
sugar—per—acre yield than the parent. 

PERCENTAGE SUCROSE IN COMMERCIALLY GROWN ROOTS 
OF SELECTIONS MADE FOR RESISTANCE TO YELLOWS 

In view of the very small amount of seed obtained from single 
plant progenies, it was necessary to make seed increases of the 
selectins before extensive evaluation tests could be conducted. 
Through the courtesy of a grower, it was possible to grow roots to 
maturity in a commercial field for a test on the percentage of sucrose 
and then save roots of the selections for seed increase. 

The commercial field was planted on two-row beds on December 21, 


1960. The seed of the parent (US 75) and the commercial variety was 


drilled on the same bed for the length of the plot. Two such beds were 
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Table l. 


Field test of selections made under severe yellows conditions 








Acre Yield 

Basis Upon Which Sugar Beets Sucrose 
Selection Selection Was Made 

A Superior Pounds Tons Percent 
US 75 Parent 702 15.0, 16.0 
91DS-9 Root Weight 6255. 20.07 15:7 
91DS-22 Root Weight 6355, 19077 15.0, 
91DS-23 Root Weight 6104 759 sede 
91DS-24 Root Weight 5619 16.9 16.5 
1OLRS=5 Root Weight And ho72 12.7 17.1" 

Amino Acid Ratio 
General MEAN of 
all selections 5529 Ve 16.4 


S. Eb. of MEAN 420 1.40 0.29 





Odds 19:1 = 2.060 x /2 x Standard Error of MEAN 


VARIANCE TABLE 





MEAN SQUARES 











Degrees Gross Pounds 
Variation due to of Sugar Per Sucrose 
Freedom Tons Plot Percent 
Between Selections by 1.2732 465.08 2.03 
Between Replications 5 0.0367 27.12 0.27 
Remainder (Error) 25 0.2650 114.83 0.49 
Total 39 
Calculated F Values 80% L O53 4 LO%* 
Superscript "a": Superior to the parent at the 5«percent level 


** Exceeds the 1% point of significance (F=3.86) 
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planted. On two adjacent beds, the commercial variety was drilled on 
one side of each bed. Single seeds of each selection were planted by 
hand, using an 8-inch spacing, in the remaining row of the two beds. 

The plots were 34 feet long. The parent and the commercial variety 
were thinned to 8 inches. The few vacant spaces, caused by the fadizitie: 
of the seed of the selections to germinate, were filled with transplants 
of similar size at thinning to insure uniform competition during the 
growing season. 

The entire field showed a uniform virus-induced yellowing. The 
yellowing symptoms appeared milder on certain of the selections than 
the symptoms on the parent or the commercial variety. At harvest the 
roots of the transplanted plants were discarded leaving an average 
stand for the selections of approximately 90 percent. The roots in one 
row of the selections were dug and trimmed for seed. ‘The roots of the 
selection in the row used for sucrose test were harvested on October 9. 
The roots were topped and two 20-beet samples saved from each selection. 
The sucrose content of the roots of the parent and of the commercial 
variety was determined on two 20-beet samples taken f'rom each block in 
the plot. The mean percentage sucrose of the selections tested, 
together with the sucrose content ot the parent and the commercial variety, 
is shown in table 2. 

Of the 15 selections tested, only 4 showed a sucrose content below 
13.0 percent, while the roots of the parent in omy 5 blocks, of the 15 
tests made, had a sucrose content of 13.0 percent or above. ‘The sucrose 
content of the commercial variety did not pues 135.0 percent in any ot 


the 15 tests made. 
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Table 2. 


Sucrose percentages in roots of selections made for resistance to virus 
yellows when grown under commercial conditions 








Selection And Variety Variety uy 
Basis Upon Which US 75 Spreckels #1 
Block Selection Was Made Sucrose Sucrose Sucrose 
% % % 


Superior root Wt. & greater 
than mean amino acid ratio 


1 Q1DS-3 13.7 1248 12.2 
2 91DS-9 . 13.3 13.3 11.6 
3 91DS-22 13.1 1.3; 0-043 10.9 
4 91DS-23 15.0 12.2 12.7 
6 91DS-2).. 14.6 12.0 12.3 
8 2028-3 13.5 12.9 12.8 
9 2028-23 12,9 26° 215 12.5 

Mean 13.7 1257. 12k: 


Superior amino acid ratio & 
greater than mean root Wt. 


5 91DR-6 14.0 V4.4 12.9 
10 %02R-3 Lit 11.3 Lix3 
11 302R-6 12,0 12.4 10.6 
12 302R-13 11.6 aL 10.6 

Mean 12.4 12.3 Lis 


Superior amino acid ratio & 
a superior root weight 1/ 


7 1OLRS-1 13.3 13.2 11.9 
13 101RS-4 14.4 14.3 11.3 
14 101RS-3 14.0 11.6 12.5 
15 101RS-10 13.2 12.6 9.8 

Mean 13.7 13.0 11.4 





ay Plants making up this polycross came from yellows-infected plants 
of the "91DS" and the "91DR" selections. 
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One selection pnoved a sucrose content of 15.0 percent,while roots 
of the commercial variety growing beside it on'the same bed contained 
only 12.7 percent sucrose, and the parent growing on the adjacent bed 
contained only 12.2 percent sucrose. 

Additional, seed of one selection, which appeared from earlier 
tests to accumulate sucrose faster than the parent, was planted in one 
row of a bed with the parent (US 75) in the other row. The changes in 
percentage sucrose of this selection, the parent, and also the commercial 
varlety peratiall owed at two-week intervals during the growing season, 

Ten roots be the selection and of the two varieties were taken on each 
sampling date and the sucrose determined on each individual root. ‘The 
results are shown in table 3. At no time during the growing season was 
the concentration of sucrose in the roots of the parent or the commercial | 
variety equal to that of the selection. At the time of the last sampling, 
the roots of the selection showed 1.1 percentage points higher sucrose 
than the parent and 2.1 percentage points highéry than the commercial 
variety. 

GROWTH RATE OF HEALTHY AND INOCULATED PLANTS OF YELLOWS- 

RESISTANT SELECTIONS GROWN UNDER CONTROLLED CONDITIONS 

A breeding program for increasing resistance to virus yellows 
would be greatly facilitated by having a test whereby resistant selections 
could be identified early and at the same time give an indication as to | 
the vigor these selections may have under neal thy canal Weaee Earlier 
experiments have indicated that the reduction in growth rate of roots 
of inoculated plants during an early period of development may be of 


value in identifying selections which have resistance to virus yellows. 
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Table 3. 


Changes in the percentage sucrose in roots of one yellows-resistant 
selection, the parent and a commercial variety during the growing 
season 





Selection Variety Variety 





1DS- US_75 Spreckels #1 

Sampling Date — Sucrose Sucrose Sucrose 

Percent Percent Percent 
July 28 12.5 11.5 9.0 
August 11 | 12.9 ad $e 9.3 
August 24 Tet 10.0 10.5 
August 30 -- 11.6 1035" 
September 15 13.2 11.6 Toc 
October 9 13.7 Lert 11.6 


LD 
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An experiment was conducted in the greenhouse, under controlted 
conditions, in which the growth rate of roots of yellows-inoculated 
and of healthy plants of the parent and 11 selections was determined. 

Seed of the selections was planted in flats in the greenhouse 
February 13. Fifty seedlings of each selection and of the parent was 
transplanted to l-gallon cans 7 days later. A fine river-bottom sand 
was used for growing the plants. After the small plants had become 
established, they were watered daily with an excess of Hoagland's 
solution containing 100 P.P.M. of nitrogen. One month after trans- 
planting, one-half of the plants of each selection was inoculated with 
a virulent strain of the yellows virus. Sixty days after the plants 
were inoculated, one-half of each of the healthy and diseased plants 
of each selection was harvested. All but 4 of the smallest leaves 
were removed and cach root weighed separately. Twenty-one days later 
the remainder of the roots were harvested. The mean root weight, 
relative to that of the parent, for the two dates of ‘planting, and 
the growth rate of the roots during the 21-day growing period are shown 
in table 4. 

Determination of root weight of healthy and yellows-infected 
plants after two periods of growth ,not only gives a test on the 
reproducibility of the results but in addition shows the growth rate 
for the period between the two samplings. The growth rate, therefore, 
should be a reliable indication of the relative ability of plants of 
different selections to srow under healthy and yellows conditions. 

The healthy plants of 6 selections showed a greater growth rate, 


during the period tested, than the parent, while the yellows-inoculated 
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plants of 9 of the ticuselections showed 8 greater growth rate than the 
parent during the same period. The roots of 5 selections had a growth 
rate greater than that of the parent under both healthy and yellows 
conditions. It is these selections that may, under extensive field 
tests, where the incidence of yellows is variable, show more promise 
than selections showing a greater degree of resistance to yellows ee 
slower growth under healthy conditions. 

PERCENT SUCROSE IN ROOTS OF HEALTHY AND INOCULATED PLANTS OF 

YELLOWS-RESISTANT SELECTIONS AND THE PARENT 

The healthy and yellows-infected plants of the parent and of the 
11 selections, shown in table 4, grown for 90 days in the greenhouse 
under controlled conditions, were transplanted in a field plot on May 22. 
Twenty-five roots of healthy and the same nURDe RIGS infected roots of 
each selection and the parent were planted in rows, using an Baan 
spacing. “At coe October 10, the roots of each selection were 
weighed and divided into two 12-beet samples for sugar analysis. The 
results of this test are show in table 5. 

Although it was necessary for the roots to davethe @ new top and 
lateral roots, a rongidedable amount of root growth occurred during the 
133 days the plants were growing in the field. The yield performance 
of these selections will, of course, require extensive replicated field 
trials to determine which may be superior to that Gh the parent. 

The sucrose percentage of the uninoculated plants of the per echiogs 
was lower than that of Se uninoculated parent. The sucrose percentage 
in roots of the yellows-infected plants of certain selections appear to 


be outstanding compared to that of the parent. Of the 11 selections, 5 
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had a higher petcieantea ness than the roots of the parent. The 
relative drop in the percentage sucrose, due to the disease, Lis Feveti 
more striking. The percentage sucrose in the roots of the yellows- 
infected plants of the parent was found to be 2.3 percentage points 
lower than the percent sucrose in the healthy plants. One selection, 
9LDS-22, showed a greater drop than that of the parent. The other 10 
selections showed a mean drop of only 0.94 percentage points due to the 
disease, as compared to a drop of 2.3 percentage points for the roots of 
the parent. The selections that appeared to suffer the least drop in 
percentage sucrose, due to the aioeaded were those which had a superior 
amino acid ratio in the mature leaves of yellows-infected parent plants, 
and a superior root weight as well. The four selections, made on the 
above basis, suffered a mean drop of only 0.70 percentage points in 
sucrose due to the disease. ; 
CHANGES IN THE PERCENTAGE SUCROSE AND WEIGHT OF ROOTS 
OF UNINOCULATED AND YELLOWS- INOCULATED BEET PLANTS 
DURING THE GROWING SEASON UNDER FIELD CONDITIONS 

The plants were grown in the experimental plot, using a highly , 
uniform selection (F58-554HL). The information pertinent to this test 
has been given earlier. The plants in four rows were inoculated witha 
virulent strain of the yellows virus on June 28, while the plants were 
in the to 6-leaf stage. The ten adjacent rows were left uninoculated. 
One month following inoculation the sampling was begun and was continued 
at intervals until October }., Twenty-five consecutive roots were taken 
in a row of infected plants. Those mlanue not showing distinct leaf 


symptoms were discarded. Roots from the uninoculated plot were taken 
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in the same manner. Each plant was examined for yellows symptoms. 

As the season progressed, the uninoculated plants became infected with 

the yellows virus complex. By the end of the season practically all 

of the plants showed yellows symptoms with varying degrees of severity. 
When a sufficient nines of apparently healthy plants could Rahiba 7 
found, plants showing the mildest yellows symptoms were taken to bring 

the number of roots to 25. Mean values for the percent sucrose and the 
root weights are shown in table 6. 

On July 28, one month after the plants were inoculated, distinct 
leaf symptoms were sheGtae. On this date, the roots of the inoculated 
plants had a significantly higher sucrose content than the uninoculated 
plants. During the following week the sucrose content of the inoculated 
plants decreased,while at the same time the roots of the uninoculated 
plants increased until ie percentage sucrose was equal. The sucrose 
percentage of the roots of the inoculated plants showed a further decrease 
on the August 8 sampling. During this same period the sucrose percentage 
of the uninoculated roots remained unchanged. It was not until August 25 
that the roots of the uninoculated plants had a significantly greater 
percentage sucrose than the roots of the inoculated plants and remained 
so throughout the remainder of the growing season. 

At no time during the growing season was there a significant 
difference between the root weight of the inoculated and uninoculated 
plants. The indicated greater root weight of the inoculated plants on 
the last three sampling dates was apparently due to variation in soil 


fertility. 


PERCENT SUCROSE 


bw 
Ww 
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Table 6. 


Changes in the percentage sucrose and weight 
of roots of yellows-inoculated and uninoculated 
beet plants during the growing season. 





Sucrose Root Wt. 
Sampling Uninocu- Yellows Uninocu- Yellows 

Date » lated Inoc. lated Indes 
9 q Guns. Gms. 

7-28 12.7 Lh.0%* 379 Soe BLE 
Bk ° 13.4 13.5 463 470 
Geli Eas 13 420% widbk 476 
8-25 Ly 2% 15.4 133 7h6 
9-8 16 .0%* 14.7 733 829 
9-22 16.35%* 14.8 792 910 
10-4 16.6** 14.6 8h2 930 





: 


significantly greater at the 1% level. 


Uninoculated 






7-28 8-h 8-11 8-25 9-8 ~ 9-22 
SAMPLING DATE 


10-4 


eg Tees 


In the early stages of yellows, root growth may be greatly retarded 
vemporarily; whereas the ability of the plant to synthesize sucrose | 
may not be impaired during this period. This would account for the 
significantly higher sucrose percentage in the roots of the inoculated 
plants at the time the first samples were taken. If this same condition 
prevails with beets reaching maturity, it is possible that one may expect 
to find a temporary increase in the percentage sucrose of plants infected 
late in the season. Table 7. shows the range in percent sucrose. and the 
mean and the coeff dient of variation of the percentage sucrose of the 
uninoculated and inoculated plants. 

The range in sucrose nersentecas of the roots of the uninoculated 
plants ,for the first five sampling dates, is relatively narrow. This 
is also shown by the very low coefficient of variation (S/X.100). 
However, the percentage sucrose in the roots of the last two sampling 
dates varied over a wide range. This is also shown by the high 
coefficient of variation which is double that of the sucrose percentage 
in the roots of the earlier sampling dates. 

Table 8 shows the frequency distribution of the uninoculated roots, 
for percent sucrose, on the different dates of harvest. It is seen from 
the frequency distribution, of the roots comprising the last two sampling 
dates, that the much greater range in percentage sucrose is made up of 
roots having an exceptionally high sucrose content. This is contrary 
to what one would expect,in view of the lower sucrose percentages 
encountered in the roots of the inoculated plants. 

It is possible that the plants having an exceptionally. high percent 


sucrose in their roots may have become infected with a severe strain of 


Loe 


Table rt a 


Range of sucrose percentages and coefficient of variation in sucrose , 
percent in roots of inoculated and uninoculated plants during growing 
season, 


Uninoculated Inoculated 
Sampling Range Coeff. Range Coeff. 
Date Low High Mean Var. Low High Mean Var. 
econ resi e-rastrsneronteetbnete hates esate Von idl pioman cet ole ae ee 
ie Kier 1B / KA LOO % 8/X.100 
7-28 LE Gre 519an Lo eee 12D HO se 4.9 
8-4 L265 14.Bacl ach 4.3 11.8 14.9 13.5 5.3 
8-11 T2010. 02) 615i eno 11.6°14%.9 13.2 5.0. 
8-25 L208 lL Sab scat ie 5.1 10.9 14.8 Le 6.6 
9-8 14.53 16.8 16:6 4.0 ABEL S16s Seep ahay 6.1 
9-22 W4.2 18.2. 16.3 8.4 LS Fa Pals 7.3 
10-4 Li a LOneee LOT 1.5 12.25 L7i1 14.6 6.5 


Table 8. 


Frequency distribution of roots 1/ (in percent) for the percentage 
sucrose, of uninoculated plants grown in the field and sampled at 
intervals during the growing season. 


SS See 


Sampling Lower Limit of Class, Percent Sucrose Mean 
Date 1 et L Seed % 14 5} 16 Ly 18 19 Sucrose 
Sa gh yp ee teen ee 
bioBirns % % % % b % 
7-28 60 36 LOFT. 
8-4 28 56 16 13.4 
8-11 2h: 60 16 13.4 
8-25 4 36 4O 20 14.2 
9-8 8 36 56 16.0 
9-22 2OMrPeTs 20 24 Sua 16.3 
10-4 , in 42 32 146 #12 4& 16.6 


/ These are the same roots whose range and mean sucrose percent is 
shown in Table 7. 
7 (Uninoculated plants) 
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yellows virus late in the season which greatly pepatied root growth 
but did not interfere with storage of sugar. 
CURLY TOP RESISTANCE OF SUGARBEET SELECTIONS 
MADE FOR RESISTANCE TO VIRUS YELLOWS 

Some of the yellows-resistant selections, made on the basis of a 
superior amino acid ratio in the mature leaves of yellows-infected 
plants and on a superior root weight, were tested along with the parent 
for resistance to curly top. Seedlings were transolented to one-gallon 
cans (one plant per can) containing fine river-bottom sand. The plants 
were watered with Hoagland's solution. When the seedlings were 
established they were inoculated with curly top virus, strain ll. 
Twenty-five plants of each selection and ite parent were inoculated 
September 9, and harvested 77 days later. The infected plants were 
placed in five severity grades, the fifth grade being those plants 
that died before the plants were harvested. The plants Rouge tne 
each grade were weighed. The results are shown in table 9. Three 
selections, 2025-14, 202S-15 and 302R-15, appear to have more resistance 
| to curly top than their curly-top-resistant parent, US 75. All of the 
plants of these three selections fell in the first two severity grades; 
whereas, only 80 percent of the plants of the parent fell in the first 
two grades. The first two selections, above, had 57 and 64 percent of 
their plants, respectively, falling in grade one as compared to only 36 
percent of the plants of the parent that fell in grade one. Only one 
selection, 302R-10, appeared to be more susceptible to curly top than 
the parent. The test indicates that curly top resistance may be 
retained, or even increased, while making selections for resistance to 


virus yellows. 
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SUSCEPTIBILITY TO CURLY TOP OBTAINED BY SELECTION OF BEET 
PLANTS FOR SEED INCREASE ,ON THE BASIS OF THE CONCENTRATION 
OF CERTAIN AMINO ACIDS IN THE MATURE LEAVES OF HEALTHY PLANTS 

It seemed logical that if resistance to virus yellows is correlated 
with a high amino acid ratio in the mature leaves of yellows -infedted 
plants, then resistance to virus yellows may be obtained by selection 
ot plants on the basis of the concentration of the amino acids, involved 
in the ratio, in the mature leaves of healthy plants. 

Selections were made on the basis of the concentration of aspartic 
acid and on the concentration of glutamic acid in the mature leaves of 
healthy plants of variety US 75 for resistance to virus yellows, 

Instead of obtaining resistance to virus yellows, a high degree of 
susceptibility to curly top was obtained from variety US 73 which is 
resistant to curly top. The results of a test for susceptibility 
to curly top are recorded here. 

Three selections were made,as follows: One hundred-twenty seed- 
lings of curly top-resistant ating US 75, were planted in sand and 
grown under controlled nutritional Ray using Hoagland's 
solution to water the plants. -When the erence were one month old a 
mature leaf was removed from each plant for analysis. The midrib was 
removed before the blade was frozen prior to expression of the juice. 
The concentration of aspartic acid, glutamic acid, and citrulline, plus 
alanine, was determined by paper chromatography, using water-saturated 
phenol as the solvent. Those plants Shavindla concentration of aspartic 
acid and those plants having a concentration of glutamic acid greater 


than the mean by at least twice the standard deviation for the group ' 
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for 
were saved/ seed, increase. Plants having a superior amino acid ratio, 


of aspartic plus glutamic to citrulline plus alanine, were also saved 
for seed Pee Three separate seed increases were made. The seed 
from the plants making up each group was composited. These Gres. 
selections, together with the parent, were tested for resistance, using 
a virulent strain of the curly top virus as described. The results of 
this test are shown in table 10 and figure l. 

Seventy-six percent of the infected plants of the parent fell into. 
the first two grades. The plants in these grades show relatively mild 
leaf symptoms and little or no stunting of the tops. In contrast to 
this, none of the plants’ selected on the basis of the concentration of / 
aspartic acid or glutamic acid fell into these two grades. It is 
doubtful if the selection, made on the basis of a superior amino acid 
ratio, is more resistant than the other two selections, despite the fact 
that 4 plants were classified as grade 2. Another indication of the 
susceptibility of these selections is the high percentage of plants that 
were killed during the early oe of growth. Probably more striking 
evidence of the greater susceptibility of the selections to curly top 
is the percentage reduction in the weight of the infected plants compared 
to that of the healthy parent. The weight of the infected plants of the 
parent was reduced 0 percent. In contrast to this reduction, the weight 
of the high aspartic acid, the high glutamic acid and the high ratio 
plants was reduced 76, 85 and 77 percent, respectively, due to curly top. 
In another vest, these three selections were: shown to be as susceptible 
to curly top as selection 742 which is one of the most susceptible known. 

It appears that resistance of sugar beets to curly top may be 


correlated with the aspartic acid and glutamic acid metabolism of the plant. 
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Typical curly top-infected plants of three selections 
made on the basis of the concentration of three amino 
acids in the mature leaves of healthy plants. 

(A) Healthy plants of curly top-resistant parent. 
(B) Curly top-infected plants of parent. 

(C) Basis of selection: High amino acid ratio. 

(D) High glutamic acid. 

(E) High aspartic acid. 


Amino acid ratio: aspartic + glutamic 
citrulline + alanine 
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BREEDING FOR RESISTANCE TO YELLOWS 


J. S. McFarlane, C. W. Bennett, and I. 0. Skoyen 


Selecting for Yellows Resistance 

The objective of the breeding program is to develop penedide Med 
and varieties resistant to the yellows-producing viruses, A survey of 
a wide range of varieties and breeding lines from both the United States 
and Europe has failed to uncover cease which are immune or even Rey 
resistant. Lines furnished by Dr. Henk Sia Mee the Netherlanad have 
SnguD @ high degree of tolerance to beet yellows and have been crossed 
with yellows-tolerant selections from curly-top resistant lines. 

During 1961, selections have been made from segregating populations 
derived from these hybrids. Successive selections. have also been made 
from Salt Gua ctverene lines selected directly from curly-top resistant 
lines. The development of yellows-resistant inbred lines has been 
emphasized. 

The 1961 selections were made both in the greenhouse and field with 
major emphasis being placed on the fiela selections. The greenhouse 
selections ace made from: plants grown in six-inch pots and inoculated 
with a combination of beet and western yellows when ‘the plants were six 
weeks old. Selections were based primarily on root size and were made 
when the plants were about four months old. 

Results with greenhouse selections have been disappointing. 
Symptoms tend to be more uniform among plants in the greenhouse than in 
the field. Very large differences in root ess occur, but these differences 
have proved to be more closely associated with environmental differences 


‘Instituut voor Rationele Suikerproductie, Bergen op Zoom, Netherlands, 
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between pots than with differences in yellows resistance. We have yet 
to demonstrate a significant gain in resistance from field evaluations 
of greenhouse selections. 

Field selections were made from an April 18 planting and from a 
July 18 planting. The beets were planted in .checkerboard arrangements 
so that each plant occupied an area 28 x 28 inches. The April planting 
was inoculated on June 14 and the July planting on August 29,using a 
combination of beet and western yellows. Aphid populations were high | 
and natural infection with both mosaic and yellows occurred prior to 
inoculation. Natural infection was especially severe in the July plant- 
ing in which nearly 100 percent of the plants showed mosaic apiiecons by 
September Le 


Included in the April 18 planting was a group of F,, populations 


2 
from crosses between yellows-tolerant selections furnished by Dr. . Henk 
Rietberg and bolting-resistant inbreds from the USDA breeding program 

at Salinas. Distinct differences in severity of yellowing were observed 
among the Fy populations. Differences also existed in root size both 
among and within the Fy populations. A total of 280 roots were selected 
from nine segregating populations grown on 0.6 of an acre. 

The July 18 planting was made with seed from yellows-tolerant lines 
selected in November 1960. Included were selections from US 75, selections 
from hybrids between Dr. Henk Rietberg's yellows-tolerant lines and USDA 
curly-top resistant lines, selections from hybrids between a yellows- 


tolerant American Crystal inbred and USDA curly-top resistant lines, 


and selections from hybrids between yellows-tolerant lines developed 


2. 33i- = 


entirely from USDA ibvcedi hs material. Top symptoms were relatively 
uniform in the July planting and selections were based entirely on root 
size. A total of 430 roots were selected from approximately two acres 
of beets, 

Effect of Beet and. Western Yellows on Root Yields 

A field test to determine the effect of western yellows, beet 
velloney and a combination of beet and western yellows on root yield of 
sugar beets was planted at Salinas on April 18, 1961. Included in five 
replications were four commercial varieties, three Fy hybrids, a yellows- 
tolerant selection from US 75, and four inbred lines. To reduce border 
effects, the four inbred lines were planted as a group on one.side of 
the test. The varieties and inbreds were randomized within their 
respective groups. 

The treatments consisting of a noninoculated check, a western- 
yellows inoculation, a beet-yellows inoculation, and a combination beet- 
yellows and western-yellows inoculation were arranged in randomized 
strips across each replication, The variety sub-plots were two rows 
wide and 43 feet long. Stands were good and the sub-plots were thinned 
to approximately the same number of plants in each replication. Spray- 
ing with aphicides was started as soon as the plants emerged and was 
continued at one to two-week intervals through August 24, Inoculations 
were made June 14 with a virulent strain of the beet-yellows virus, 
with the western-yellows virus, and with a combination of beet~-yellows 
and western-yellows viruses. rhrterien was somewhat variable in the 
inoculated plots, ranging from 60 to 100 percent. The lowest percentage 


infection occurred in the plots inoculated with western-yellows virus 


alone. 
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Aphid populations were high throughout the season and the 
introduction of yellows and mosaic from nearby beet fields could not 
be prevented. A few plants showed symptoms on June 14 and nearly 100 
percent of the plants in the check plots were infected at harvest on 
October 4. Symptoms in plots inoculated with beet yellows were similar 
to those in plots inoculated with the combination of beet and western- 
yellows viruses. The plots inoculated with western-yellows virus were 
less yellow than those inoculated with beet-yellows virus or the 
combination of viruses. In most replications, the westerti-yellows 
inoculated plots could not be distinguished from the check plots at 
harvest time. 

Yields in the noninoculated plots Palited from 17.55 to 22.91 tons 
per acre (table 1). Beet yellows caused a reduction in root yields 
ranging from 15.8 to 33.1 percent in the open-pollinated lines and hybrids. 
The difference between varieties was not significant. The yields of the 
same lines and hybrids inoculated with the aratieuton of beet and western 
yellows were reduced from 24.2 to 42.1 percent. The difference between 
varieties was significant at the five-percent point. 

The yields of the heed lines were lower than those of the hybrids 
and the damage from the yellows viruses tended to be more severe. ‘Yields 
of the inbreds inoculated with beet yellows were reduced from 21.0 to 
40.4 percent. Yields of the inbreds inoculated with the virus combination 
were reduced from 30.6 to 56.9 percent. The differences between inbreds 


were significant at the one~percent point for both the beet yellows and 


the virus combination. 
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Yield losses were erratic in the western-yellows inoculated plots 
and differences between varieties and inbred lines were not significant. 
This erratic behavior can be attributed to the relatively poor infection 
obtained from the westernyellows inoculations and to the spread of yellows 
in the noninoculated plots. 

Six of the hybrids and the four inbreds included in the 1961 test 
were also tested in 1960. The yield losses among the hybrids were 
similar in the two years (table 2). Beet yellows reduced the average 
yield of the hybrids 23.8 percent in 1960 compared with 24k ner eeat in 
1961. The combination of beet and western yellows reduced the yield of 
the hybrids 43.9 percent in 1960 compared with 34.8 percent in 1961. 
Yield losses ‘among the inbreds were smaller in 1961 than in 1960. The 
average loss from beet yellows was 38.9 percent in 1960 compared with 
30.6 percent in 1961. The combination of viruses reduced yields of the 
inbreds 46.4 percent in 1960 and 41.45 percent in 1961. | 

The 1960 and 1961 results show that losses from beet and western 
yellows are additive. The additional damage caused by superimposing 
western yellows on beet yellows was approximately one-half of that 
caused by beet yellows alone. The addition of western yellows increased 
the damage to the four inbred lines by approximately one-third. 

Evaluation of Yellows Resistant Selections 

A yellows-tolerant selection from US 75 was evaluated for resistance 
to western yellows, beet yellows, and the combination of beet and western 
yellows in the April 18 planting. This selection represented the fourth 
successive field selection for resistance to beet yellows. The yield 


of the selection was reduced 15.8 percent by beet yellows and 24.2 
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Table 2.--Comparisons of yield losses from beet yellows and from the 
combination of beet and western yellows at Salinas, California, 
in 1960 and 1961. 


Mee atime 


Hybrids 


US H5 
MS of NBL x NB4 
US H2 


US H6 
MS of NBL x NB5 
MS of NBl x NB2 


Average 


Inbred Lines 


NB 
NB5 


MS of NBL 
NB2 


Average 


Reduction in Yield 


ee 


Beet Yellows Beet and West. Yellows 


1960 1961 1960 1961 
Percent Percent Percent Percent 
26.2 COV 36.6 31.2 
21.5 25.8 32.7 31.4 
24.5 ah. 32.9 33.0 
23.1 2h.7 32.6 35.4 
21.2 23.2 34.2 38.8 
26.2 21h ae 34.5 39.0 
23.8 eh.4 43.9 34.8 
33.4 21.0 46.2 30.6 
45-7 34.8 ere) 37.7 
34.0 26.2 yh 2 40.1 
52.4 4O.4 54.8 56.9 
38.9 30.6 46.3 41.3 
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percent by the combination of viruses compared with reductions of 33.1 
and 42.1 percent for US 75 (table 1). Paired analyses showed the 
selection to be significantly more resistant to both beet yellows and 
the combination of viruses. The damage from western yellows wagence 
significantly different in the selection and US 75. 

The yellows-tolerant selection and the parent US 75 variety were 
included in three variety trials in 1961. In each of these trials both 
the root yield and sucrose percentage were not significantly different 
in the selection and in US 75. | 

A pe dsed field test was planted at Salinas on April 18, 1961, to 
determine progress made in selecting for resistance to yellows. The 
degree of resistance was determined by comparing plots inseuliatee with 
a combination of beet and western yellows with noninoculated plots. 
Inoculations were made June 1}. 

Included in five replications were two Salinas selections from 
yellows-tolerant lines furnished by Dr. Raymond eae England, two 
Salinas selections from yellows-tolerant lines furnished by Dr. Henk 
Rietberg of the Netherlands, a yellows-tolerant selection from an 
American Crystal line, two monogerm hybrid varieties, two inbreds 
selected for yellows resistance at Salinas, and a monogerm ay 

Aphid populations were high and yellows spread to the noninoculated 
plots in spite of weekly to biweekly spraying with aphicides. Nearly 
100 percent of the noninoculated plants showed yellows symptoms at 
harvest. 

Root yields of the open-pollinated lines and hybrids were reduced 
from 19.5 to 26.3 percent (table 3). The inbred lines were Aenea more 


thamst 15 
fect ieanne teas aan tation, Dunholme Field Station, Dunholme, 
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Table 4.--Effect of the combination of beet and western yellows on the 
root yield of sugar beets at Salinas, California. (Planted on 
April 18 and harvested October 5, 1961). 





Acre Yield Reduction 
Variety Description Check Inocu- in yield 
lated 
Tons Tons Percent 

Open-pollinated lines and hybrids 
022 Sel. from Hull's M9 S/2 23.05 18.36 19.5 
023 Sel. from Hull's L6 3/3 20.60 16.01 21.7 
026 Sel. from A. C. 55-RF-393 19.55 14.61 24.2 
027 Sel. from IRS 55 M9 19,00 1shg: os ake 
028 ; Sel. from IRS 55 M4 13.28 9.86 25.7 
0539H1 (MS of 7515 x 7569) x 0539 20.36 13.58 | 25.9 
F59-63H4 = (MS of 7515 x 7569) x 663 {S20 807 26.3 

LSD at 5% point NS 
Inbred lines | 
O717 Sel. from bolt. res. inbred 16.69 11.41 31.1 
O716 Sel. from bolt. res. inbred 12.48 7.83 37.4 
0562 Monogerm inbred 12.19 7.25 40.5 


LSD at o% point NS 
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severely and root yields were reduced from 31.1 to 40.5 percent. The 

yellows-tolerant selections tended to be damaged less severely than’ were 

the unselected lines but the differences between lines were not significant. 
The lack of variation in resistance observed in this test is 

probably caused in part by the occurrence of yellows in the hon nobilated 

plots. It is also possible that the lines which had been selected for 

tolerance to beet yellows reacted differently when inoculated with a 

combination of beet and western yellows. Additional tests will be 

required to determine whether or not varieties resistant to beet yellows 


are also resistant to western yellows. 
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RHIZOCTONIA INVESTIGATIONS 


Selecting for Resistance and Utilization 
of Inoculation Techniques 


Foundation Project 25 


Je O. Gaskill 


Research conducted in cooperation with the Botany and Plant 
Pathology Section, Colorado Agricultural Experiment Station. 
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RHIZOCTONIA INVESTIGATIONS, FORT COLLINS, COLORADO, 1961 L/ 
(A phase of Beet Sugar Development Foundation Project 25) 


John 0. Gaskill 2/ | 


Studies on Rhizoctonia root rot of sugarbeets in 1961, consisted 
largely of field progeny tests for resistance, utilizing various inoculating 
techniques. The progenies tested represented a rather wide genetic 
(sugarbeet ) background and several methods of selecting for Rhizoctonia 
resistance. The field plots were on the Hospital Farm, Ft. Collins, 
Colorado. The program of selection of roots for resistance and production 


of seed from such roots was continued. 
Inoculation Performed in Different Years 


A set of 12 sugarbeet strains or varieties, including parental 
material and progenies of roots selected for resistance to Rhizoctonia 
solani, was grown in 2 adjoining areas in the same field in 1961 (Experiment 
R-1). The crop was planted June 21-22, and thinning was performed at the 
usual stage of plant development, attempting to leave approximately 
9-inch spacing. Randomized-block experimental design was used in each 
area, with plots 1 row x 23 feet in size. Inthe inoculation year, 14 
feet. of row per plot received dry, ground, barley-grain inoculum of a 
highly pathogenic isolate (B-6) of R. solani approximately 7 to 10 days 
after thinning. nen See eet Pee 
. 1/ A progress report on investigations conducted by the Crops 
Research Division, Agricultural Research Service, U. S. Department of 
Agriculture, in cooperation with the Colorado Agricultural Experiment 
Station, the Beet Sugar Development Foundation, and the Board of County 


Commissioners of Larimer County. 


2/ Plant Pathologist, Crops Research Division, Agricultural Research 
Service, U. S. Department of Agriculture. 
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Further details regarding the 2 areas are as follows: 

(1) West Area (6 replications): Inoculation was performed in 1960 
in plots of sugarbeets and other Beta vulgaris material 3/.. No 
inoculum was applied in 1961, 

(2) East Area (4 replications): The soil was fallowed in 1960, and 
inoculation was performed in 1961, only. In 2 replications, 
the sub-surface method described for the 1960 tests was used 3/. 
In the remainder, the inoculum was placed in the center of the 
foliar rosette. 

At harvest, all living plants in the 14-foot inoculated area in 
each plot were trimmed, in a manner similar to that used for mother beets, 
and washed and weighed. Root yields obtained in this manner are-considered 
more reliable than numbers of surviving plants for measuring relative 
Rhizoctonia resistance among strains that do not differ greatly in basic 
yielding ability, and particularly where parent-progeny comparisons are 
to be made. 

As shown in table 1, disease losses in the area inoculated in the 
preceding year began early and were extremely severe. More than half the 
plots had no living plants at harvest, precluding reliable variance 
analyses. Differences among the 12 strains apparently had little if any 
real meaning under these conditions, 

For the area inoculated in 1961, analysis of variance of root yields 
gave an F-value of 3.10 for strains, indicating the occurrence of highly 


significant differences among strains. Of special interest (Table 1) is 
3/ Sugar Beet Research, 1960 Report: pages 241-251. 
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the root-yield comparison between the Rhizoctonia-resistant selection, 

SP 611107-0, and its Biteennt variety, Acc. 2168 (GW 674-56C). SP 611107-0 
exceeded the parent by more than the amount required for significance at 
the l-percent' level. This comparison acquires added significance when 
viewed in conjunction with results obtained for the same 2 strains in 


Experiment R-2, 
Inoculation Performed in 1961, only 


Miscellaneous Material: 

Sixteen sugarbeet strains were compared for Rhizoctonia resistance, 
in 1961, in Experiment R-2. Randomized-block design with 4 replications 
was used, except for US 401 which occurred in 8 plots. Details.of timing 
and procedure were similar to those described above for the so-called 
"Hast Area", Half the plots of each strain were inoculated by means of 
the sub-surface method and the remainder by means of the rosette method. 

In yield of roots, the interaction, methods x strains, was negligible 
(F = 1.34 The pooled results, disregarding that interaction, are 
presented in Table 2. It is of interest to note that 4 of the selections 
were significantly above US 401 in root yield. Two of those selections 
(SP 611104~0 and SP 611107-0) also were sien fi cantar above US 401 in 
Experiment R-l. (Table 1, 1961 inoculation). 

In parent-progeny comparisons in Experiment R-2 (Table 2), it is 
particularly noteworthy that the selection, SP 611107-0, significantly 
exceeded the parental variety, Acc. 2168 (GW 674-560), in root yield. 
These results are in. agreement with those obtained from 1961 inoculation 


in Experiment R-l where the difference was highly significant (Table 1). 
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Pooling of these 2 sets of results (8 plots of SP 611107-0 and 8 plots of 
the parent, Acc. 2168), shows that SP 611107-0 exceeded the parent by 
79.9% -- an amount considerably greater than that required for significance 
at the level, odds 99:1. 

Other parent-progeny comparisons in Table 2 reveal a tendency for 
the progenies to be higher in root yield, but the differences are much 
less impressive than in the case of SP 611107-0 ys. Acc. 2168. 

Selections from GW 602: 

A number of seed samples, representing individual plants selected 
under natural (field) Rhizoctonia conditions in Nebraska and Wyoming, 
were furnished by the Great Western Sugar Company. Three pools, made up 
from those seed lots, were included in Experiment R-l. Fifty-three of 
the individual samples were planted in 2 plots, each, with randomized- 
block arrangement, for preliminary Rhizoctonia-resistance screening. 

GW 602-56A, the parental variety, was planted in 8 plots throughout the 
test area, Except for replications, the methods used were the same as - 
described above under the heading, "Miscellaneous Material". 

Average stand (living plants) at harvest, expressed as percentage 
of thinned stand, was 17.5 for GW 602-56A and 24.4 for the set of 53 
progenies, Analysis of variance for the ogéii es indicated that they 
did not differ significantly in root yield (F = 1.06). Average root 
yield, in pounds per plot, was 3.6175 and 4.6635 for GW 602-56A and 
progenies, respectively. The difference (1.0460) was substantially less 
than that required for significance at the si derekah level. The latter, 
as computed, was 1.5010. However, because of frequent occurrence of 


zero yield for individual plots, the computed L. S. D. figure (1, 5010) 
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presumably is somewhat smaller than the true L. S. D.. The relatively 
small difference in yield between GW 602-56A and the progeny average, in 
this test, is in agreement with the results obtained in Experiment R-1 . 
(Table 1). However, it is of interest to note that several individual 
progenies exceeded GW 602-56A, in root yield, by an amount closely 
approaching or greater than the 5-percent level of significance. Those 


progenies are listed below, together with their respective average root 





yields: 
| “G.W.S.co. no. ‘Pounds per plot 
595h-2 8.31 
5954-92 72h 
5954-96 9.80 
5954-145 7.87 
5954-186 7.37 
GW 602=56A She 
Approximate L.S.D. 3.96 
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Further work with the above 5 progenies -- e.g. retesting, reselection, 


or both’ -~ appears to be highly desirable. 
Discussion and Conclusions 


Under severe exposure to Rhizoctonia, resulting from post—thinning 
inoculation in 1961, normally productive strains of sugarbeets differed 
very significantly in yield of roots at harvest. Since Rhizoctonia was 
the principal factor limiting root yield, these differences were interpreted 
as strong evidence that the strains differed in resistance to the pathogen. 


Under more intense exposure, resulting from inoculation of the beet crop 
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in the preceding year, severe disease activity began very early in the 
development of the 1961 test plants, and by harvest, differences in: \ 
resistance appeared to be negligible. 

Evidence of improvement of Rhizoctonia resistance by selection was 
encouraging, particularly for SP 611107-0, a selection from GW 674-560. 
Where Rhizoctonia inoculation was performed after thinning in 1961, 
resulting in severe root rot conditions, the average root yield for 8 plots 
of SP 611107-0 was 79.9% above the comparable d-plot average for the 
parental variety, a highly significant difference. In considering the 
meaning of these results it should be noted that the roots grouped to 
produce the seed lot, SP 611107-0, were selected under Rhizoctonia conditions 
that had been created in a rather unique way. Sugarbeet plots, inoculated 
in 1959 with a mixture of pathogenic isolates of the fungus, suffered very 
severe root rot losses. In the following year, the entire area was planted 
with GW 674-56C, but no inoculum was applied. Stand loss was almost 
complete, and the few surviving plants were used to produce SP 611107-0. 

It is conceivable that the superior performance of SP 611107-0 may be due 


in part to the use of this selection procedure. 
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PART XI 


DEVELOPMENT OF BASIC BREEDING MATERTAL 
AND APPLICATION OF FIELD TECHNIQUES 


SCREENING TESTS FOR BLACK ROOT RESISTANCE 


APPLICATION OF FUNGICIDES FOR CONTROL 
OF CERCOSPORA LEAF SPOT 


Foundation Project 26 


G. E. Coe C. L. Schneider 


H. L. Bissonnette V/ 


1/ Research conducted in cooperation with Mimesota Agricultural 
Experiment Station. 
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DEVELOPMENT OF BASIC BREEDING MATERIAL 
G. E. Coe 


Most of the research at Beltsville under Foundation Project 26 has been 
directed toward varietal improvement in resistance to Cercospora leaf spot 
and black root. Breeding material produced by this research program has 
contributed to the varieties and new developments that are evaluated in 
tests reported in Part IV. This part of the report presents some results 
obtained with polyploid lines, some curly-top- and leaf-spot-resistant lines, 
@ test of Cercospora leaf=-spot inoculum from two different sources, and a 
test of a new soil conditioner. 

Polyploidy 

A test was conducted in 1961 to determine the performance of "comparable" 
diploid and triploid hybrids. It was similar to the test described in the 
1960 Sugar Beet Research Report. The triploid hybrids in the 1960 test had 
‘wo genomes (two sets of checoaseien) from SLC 91MS monogerm, which is not 
vesistant to black root or leaf spot, and one genome (one set of chromosomes ) 
from SP 5481-0 (multigerm), which is fairly resistant to these two diseases. 
The diploid hybrid had one genome from each parent. The 1960 data indicated 
shat the tripleid hybrid had slightly less leaf spot resistance and lower 
yield than the diploid hybrid. 

The hybrids for the 1961 test were produced by crossing SL 122MS 
diploid monogerm and SP 5720-01 W.A. monogerm sith both diploid and tetra~ 
ploid US 01 multigerm in separate isolation plots. In these hybrids, 


the triploid from SL 122MS mm X US 01 MM 2 had one genome from the leaf 
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spot and black root susceptible SL 122MS and 2 genomes from YS 401 which has 
a good degree of resistance to these diseases. In Table 1 are data from 


paired plots of the triploid and "comparable" diploid hybrids. 


TABLE 1.--Comparison of triploid and diploid hybrids in paired h-row 





plots. 
Average Average Average 
leaf spot, Calculated percent percent 
Hybrid variety readingt tons/acre sucrose urit 

Triploid wal 
SL 122MS X US 01 2 5.20 12.88 aver 73.92 
Diploid 
SL 122MS X US 01 ond/ 5.50 Lieeo 11.30 Tieis 
Triploid 
5720-01 WA X US 01 yn 3/ 5.00 13.78 10.80 7.48 
Diploid 
5720-01 WA X US 01 2n 3/ 5.50 10.69 12.00 76.443 


1 Leaf spot readings are based on a scale of 0 to 10. O = immunity; 


10 = all leaves dead, caused by leaf spot. 
2/ Data given as averages of three )-row plots. 


3/ pata given as values of one )j-row plot. 





Although the differences were not great, the triploid hybrids appeared 
to be more resistant to leaf spot, to have a better yield, and to have 
poorer purity than the diploid hybrids. The data from the 1960 and 1961 
nursery tests tentatively and ete: (1) that the degree of resistance to 
leaf spot and the yield are related to the parent contributing the diploid 
gametes, in cases where one parent has resistance to the disease and the 
other parent does not; and (2) that the triploid hybrids tend to accumulate 


more nonsugar solids than do the diploid hybrids. 
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Breeding for Curly Top and Leaf Spot Resistance 


A program of selecting sugarbeets for the purpose of producing a variety 
resistant to both curly top and Cercospora leaf spot has been in progress 
for many years. Professor J. C. Overpeck at University Park, New Mexico, 
made the selections for curly top resistance. Two years later, the seed 
increase of these selections was planted at Beltsville for a selection for 
resistance to leaf spot. Two years later, the seed increase of the Belts- 
ville leaf spot selections was again selected for curly top resistance in 
New Mexico, etc. There has developed from this line of breeding a multigerm 
variety, SP 6051-0, which in the 1961 test had more resistance to leaf spot 
than US Ol and resistance to curly top approaching that of US )1 (028). 
Grosses of the progenitors of SP 6051-0 have been made with leaf-spot- and 
black-root-resistant monogerms. Twenty-two F3 monogerm lines recovered 
from these crosses were tested in 1961. These lines generally fell into 
a curly top resistance category with US 33 and a leaf spot resistance 
category one step below US Ol (table 2). The 1961 Beltsville selections 
of these monogerms are to be crossed with Beltsville selections of SP 6051=0; 
the New Mexico selections of the monogerms will be increased and sent to 
Beltsville for leaf spot selection. The present goal is to develop a mono= 
germ variety with as much (or more) resistance to the two diseases as the 
multigerm, SP 6051-0. 

Test of Source of Inoculum on Severity of Leaf Spot Epidemic 

Data were presented in the 1960 Sugar Beet Research Report indicating 

that inoculum prepared from leaves of a variety resistant to Cercospora 


beticola produced a slightly more severe epidemic than did inoculum collected 
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TABLE 2.--Performance of curly, “Sy resistant-leaf spot resistant varieties 
. in 1961 trials. ay sre, 





Curly To Leaf Spot 
Jerome,Idaho New Mexico New Mexico Beltsville 
Variety % Grade Av.grade Av.grade Av.grade 
202 H9 check erereres ae Cee 6.7 —— 
R 5651 check ~mae -- 342 6.5 — 
US 1 (028) check 51.0 4 woe swe wane 
SL 333 check 94.0 5 7.8 723 ome 
SL 122MS X SP 5),60#0 -=== -- 3.8 5.5 5.75 
SP 6051-0 56.3 31 2.0! 3.01 75 
SP 60100-01 — -- 4.04 4.0% 4.00 | 
SP 60101-01 a ~= 6.023 h.O 5.00 
SP 60102=01 mone oo gvOs: h.O% 5.00 
SP 60103-01 93.0 hq 6.02. h.0 5.00 
SP 6010-01 95.0 hy ¢ 4.0 5.0! 5.00 - 
SP 60105-01 96.5 hy 5.02! 5.0 4.75 2 
SP 60106-01 930 4 4.50? 56320 5.00 2 
SP 60107-01 98.4) 5 ert? he'7 10 4.50 3 
SP 60108-01 « 95.5 h 3.02 7.02 5.00 
SP 60109-01 91.0 5 5.0? h.O 75 8 
SP 60110-01 90.0 5 5.02 6.022 5.00 
SP 60111-01 90.9 5 5.0. 5.0 5.00 
SP 60112-01 98.) 5 5.070 6.07 5.00 
SP 60113-01 99.0 5 6.01% 5.0! 4.75 
SP 6011-01 93.9 5 4.5! ho 4 4.75 
SP 60115-01 93.5 5 5.0 5.011 5.00 
SP 60116-01 95.7 h 4.0% 4.0 % 75 3 
SP 60117-01 92.2 by f yo 4 5.0.11 5.00 
SP 60118-01 96.5 5 5.0 4.0 h.25: 2 
SP 60119-01 \ 92.2 5 4.0 4 5.30 5.00 » 
SP 60120-01 89.0 5 48's 5.1! 5.00 
SP 60121-01 | 91.6 5 4.0“ 5.0 5.00 


y Basis of readings (both diseases): No. 1 = best; most resistant. 


No. 10 = poorest; least resistant. 

2/ Disease readings from the New Mexico test were made by Prof. J. C. 
Overpecks curly top readings at Jerome, Idaho, were made by Mr. A. M. 
Murphy. 


For further information on New Mexico test, see page 82. 


| 
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from susceptible varieties. The experiment was repeated in 1961, but on a 


larger scale. Alternate 6-row strips through the nursery plot were inocu- 
lated with inoculum prepared from leaves collected from resistant varieties; 
the other strips were inoculated with inoculum prepared from leaves collec- 
ted from susceptible varieties. This resulted in one replication of each 
experiment receiving inoculum of one type,while the other replication re- 
ceived inoculum of the other type. The total leaf spot readings of these 


replications are presented in table 3, 


TABLE 3.--The influence of the source of inoculum on the severity of leaf 
spot epidemic. 


Total leaf spot reading of 36 entries in each replicationl/ 


August 1 reading August 2 reading 
Tnoculum from Inocwlum from Inoculum from Inoculum from 
Experi- leaves of leaves of leaves of leaves of 
ment susceptible resistant susceptible resistant 
Number varieties varieties varieties varieties 
ak 153 Uy 170 162 
2 140 142 147 167 
3 143 151 18 188 
hh 165 133 176 16) 
5 169 140 176 170 
6 16k, 136 181 174 
11 129 129 L772 176 
- Uy 13h, 161 160 
Average 150.8 138.6 170.9 170.1 





i the higher the numerical rating, the more severe the leaf spot epidemic. 
The inoculum prepared from the susceptible varieties produced a slightly 
“move severe leaf spot epidemic in five of the experiments; the inocplum from 
the resistant varieties produced a slightly more severe leaf spot epidemic 
in two of the experiments; and in one experiment there was essentially no 
difference in the severity of the disease. The average readings for all 


eight experiments on August 1 indicate a slightly more severe epidemic in 
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plots inoculated with inoculum from susceptible varieties, and no difference 
in disease epidemic at the time of the second reading on August 12. Thus, 
the data are in conflict with those obtained in 1960, indicating that some 
factor other than souce of inoculum, per se, influenced the severity of the 
epidemic. Another test is planned for 1962 to try to resolve the difference 


in the results obtained. 


Asphalt Enulsion Soil Conditioning Test 
A new asphalt emulsion product to prevent soil crusting was in 4 pre- 


liminary test at Beltsville in 1961. One row of each of || varieties was 
planted across the nursery plot on April 26. The asphalt emulsion spray was 
applied to alternate 20-foot sections down the )-row plot on April 28. Great 
difficulty was encountered in applying the emulsion. A knapsack sprayer was 
completely clogged after spraying only 3 feet of row. Application was finally 
made with a watering can with a rosehead spout. This also became clogged 
after application to about 50 feet of row, but application was possible by 
periodically cleaning the rosehead. The spray produced a black "rubber-like" 
film on the surface of the soil, which remained until the beets were singled 
on June 5. On May 3 at 11:10 a.m. E.D.T., soil temperatures at a depth of 
11/2 inches were taken. It was found that the plots with the asphalt 
emulsion were approximately 5° F. warmer than the untreated checks. It was 
also noted that the séedlings emerged from 12 to 2) hours quicker on the 
treated plots. Conditions for seedling emergence were excellent at Belts~ 
ville in 1961, and a perfect emergence was obtained over the entire experi~ 
ment. Although more seedlings emerged in the treated plots, the difference 


was not significant. 
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STUDIES ON BLACK ROOT DISEASE CAUSED BY APHANOMYCES COCHLIOIDES 


C. L. Schneider 


1. Greenhouse Screening Tests for Resistance 

A series of. inoculation tests was conducted in the greenhouse to deter- 
mine the degree of resistance to the seedling blight and root rot fungus, 
Aphanomyces cochlioides. Included were 761 sugarbeet breeding strains and 
38 Beta maritima strains. Each entry was grown in four replicated saucers 
of steamed soil in randomized blocks. After emergence, plants ere thinned 
to a maximum of 25 per saucer. Approximately 1) days after planting, plants 
were inoculated by pouring 50 ml. of a water suspension of zoospores of a 
monosporous isolate of A. cochlioides into the soil in each saucer. 

na The degree of disease severity was determined, based on the number of 

plants surviving approximately 30 days after inoculation and the severity 
of symptoms of the surviving plants. Included in each test, as a basis 
for comparison, was the moderately resistant commercial variety, US Lol. 

The results are presented in table 1. Although none of the entries 
was immune, a considerable number were more resistant than variety US 01. 

The average disease ratings of the breeding strains, expressed in 
percent of that of variety US 01, were lower than in previous years, 
eafcaring a further rise in the level of Aphanomyces resistance. 

As previously noted, the level of resistance of the Beta maritima 
strains was not equal to that of the improved sugarbeet breeding strains. 
There were considerable differences among them in degree of resistance, 


and a few appeared to be as resistant as US )01. 
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TABLE 1.--Distribution of entries in Aphanomyces screening tests 
according to disease rating. 


unen Number of entries each disease 
Types of No. 0 verage wet anoudieanh 
material entries disease 


rating 70 80 90 100 110 120 130 10 





Sugarbeet 
breeding strains: 


Multigerm diploid 114 88.5 LOsQ7 9857498217 2 - - i 
Multigerm 
tetraploid 239 10.1 ae, YL 25200 tee ee LOS eee. L - 


Monogerm diploid 37) 93.0 55152 183 oleecn oe = 


Monogerm hybrid 


diploid 3h 83.8 28 & -15 015 2 1 - - 
Beta maritima 
strains: 37 115.0 - - 2 21gels. 15 k 1 





Y/ Disease rating = percent disease as compared with sugarbeet variety 
US 01, which is 100. The higher the rating, the greater the amount of 
disease. 


2. Factors Influencing Zoospore Production by Aphanomyces cochlioides 
Large quantities of zoospore inoculum are regularly used in greenhouse 
screening tests of Aphanomyces resistance at the Plant Industry Station, 
Beltsville, Maryland. In order to establish a methodology for production of 
ample quantities of inoculum, studies were made to determine the main factors 
influencing zoospore production. 
Cultures of the fungus were grown in flasks of .3 percent peptone or 
-3 percent Soytone broth. Mycelial mats thus produced were rinsed in ster= 
{lized tapwater and submerged in replacement water (usually additional 
sterilized tapwater) for about 16 hours. Numbers of zoospores thus produced 


were determined with a haemacytometer. 
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The factors studied and their observed effects on zoospore production 
are as follows: 
a) Temperature. As reported previously, temperature has a profound effect 
wpon zoospore production. Maximum production occurs between 20° and 25° C. 
and falls sharply beyond these limits; therefore, all further tests of 
spore production were conducted at temperatures within these limits. 
b) Type of replacement water. The type of water in which the mycelial 
mats are submerged plays an important role. Tapwater was superior to 
distilled water and to distilled water that had been passed through a 
"Deeminizer" demineralizing apparatus. Zoospore production in each type 
of water, and especially distilled water, was intensified by the addition 


of sodium chloride (120 mg per liter). 


ad 


ec) Aeration. Bubbling a small amount of air continuously through the 
replacement water increased zoospore productten 1 to 3 times over that 
of the controls. 

da) Age of culture. Zoospore production was greatest among mycelial cul~ 
sures that had just attained maximum diameter in the flasks and which 
were from) to 7 days old. Cultures 11 days old, and older, produced 
velatively few spores. The time in which mycelial cultures attain the 
degree of growth for most effective zoospore production varies according 


a 


to temperature, with optimum growth between 25° and 30° ¢. 
e) Depth of replacement water. Depth of water in which mycelial mats 
are submerged influences zoospore production. With equal amounts of 


water in vessels of different diameters, zoospore production increased 
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with a decrease in depth from 26 to 3.2 CM. In extremely shallow vessels 
with depth less than 1 CM, a decrease in production occurred, due prob- 
ably to insufficient water to cover the mats. 

b) Volume of replacement water. Zoospore production increased with in- 
creased volumes of replacement water up to the point where the ratio 
between the volume of broth in which the mats were grown and the volume 
of replacement water equaled 1:). Beginning at this ratio, increasing 
the number of mycelial mats in the replacement water did not increase 
proportionally the number of zoospores produced. 

g) Light. There were ne significant differences in zoospore production 
between mycelial mats exposed to continuous fluorescent light during 
period of submergence and those in the dark. 

h) Hydrogen-ion concentration. In a series of buffered solutions, opti- 
mum zoospore production was at pH 6.5-7.2 and decreased markedly on either 
side of these limits. 

<) Components of nutrient broth. The most satisfactory media for growing 
mycelial mats to produce zoospores have been .3 percent peptone broth 

and .3 percent Soytone broth. The latter is the trade name of an enzymatic 
hydrolysate of soybean meal prepared by Difco Laboratories, Detroit, 
Michigan. No increase in zoospore production was obtained by adding .1 
percent or .3 percent of the following sugars to peptone broth: dextrose, 


maltose, sucrose, and dextrose. 


3. Studies on Physiologic Specialization of Aphanomyces cochlioides 


A series of inoculation tests were made in the greenhouse to deter=- 


mine the existence of pathogenic races of A. cochlioides. Several sugarbeet 
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strains and varieties were inoculated with zoospores of 11 single spore 
isolates of the fungus. The isolates were obtained from diseased sugar- 
beets grown in soils from six widely separated areas in the United States. 

Results of the tests are summarized in table 2. All of the isolates 
were pathogenic on each sugarbeet host variety. Differences in virulence 
among the isolates are evident, but there is no indication of a significant 
interaction between host varieties and fungus isolates. For example, the 
variety US 22/3 was highly susceptible to all isolates; whereas variety 
553106-1 was comparatively resistant to all isolates. 

Although these tests did not reveal any pathogenic races that could 
affect the program of developirg black root resistant varieties, they did 
not disprove the possibility of their existence. In regard to other species 
of Aphanomyces, King and Bissonnette” stowed that there are pathogenic races 
of A. euteiches, which causes a root rot of peas. McKeen® showed differ- 
ences in morphology and pathogenicity among isolates of A. cladogamus, a 
parasite of peppers. Further studies with additional hosts and isolates 
should provide additional information concerning the extent of physiologic 


specialization of the black root fungus, Aphanomyces cochlioides. 


om 


aoeererecnet tne ECE CIEL LAIELC T  g 
j King, T. H., and H. Bissonnette. 195). Physiologic specialization 
in Aphanomyces euteiches. Phytopath. hh: 95 (abstract) 


2/ McKeen, C. De 1952. Aphanomyces cladogamus Drechs.. A cause of 
damping-off in peppers and certain rer vegetables. Can. Jour. 


Bot. 30: 701-709. 
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FUNGICIDE-OIL SPRAY TEST FOR CONTROL OF 
CERCOSPORA LEAF SPOT OF SUGARBEETS 


C. L. Schneider 


Oil sprays sre commonly used to control leaf spot disease of banana 
caused by Mycosphaerella meaiecit (Cercospora musae ). It has been re- 
ported that oil sprays can also control Cercospora leaf spot diseases 
of citrus and of tung. 

The following study was made to determine the possibility of con- 
trolling Cercospora leaf spot of sugarbeets with low volume oil spray 
alone or in combination with certain fungicides. The experiment was 
conducted in 1961 under severe and sustained exposure to Cercospora 


beticola. 
Materials and Methods 


The following preparations, furnished by Esso Research and Engineer- 
ing Compeny, Linden, New Jersey, were tested: 
EAP-1 (a petroleum oil) 
BAP-72 (1.25 lb. Maneb per gal. EAP-1 011) 
EAP-73 (0.5 lb. copper oxychloride per gal. of emulsion of: 


1 part EAP-1 oil: 3 parts water) 
EAP-74 (1 lb. tri-basic copper sulfate per gal. EAP-1 oil) 


The experimental design consisted of plots sprayed with each of the 
preparations and the untreated controls arranged in a 5 X 5 Latin square. 
Each plot comprised four 20-foot rows, spaced 2 feet apart, of the commer- 


cial monogerm hybrid, SL 122MS X SP 5481-0. 
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On June 23, Cercospora inoculum was applied on all plants by G. E. 
Coe. By July 10, leaf spot lesions had begun to appear. A severe leaf 
spot epidemic prevailed in the nursery during August and September. 

The preparations were applied with a "Solo Port" knapsack type mist 
blower on the following dates: July 10, 20, 31; August 14, 25, 28 (after 
heavy rains of August 25 and 26); September 7 and 22. All preparations 
except EAP 73 were applied at the rate of approximately 1 gallon per 
acre. EAP 73 was applied at 4 gallons per acre on July 10 but on sub- 
seguent dates was applied at 1 gallon per acre because foliage injury was 
associated with the Efgher rate of application. 

Between applications, the solid materials in the oil-fungicide 
preparations settled in compact masses. This necessitated a vigorous 
stirring with a paddle immediately before pouring the preparation into 
the tank of the mist blower. 

leaf spot severity readings were made on July 30, August 14, and 
September 25. 

On October 4, the two center rows of each plot were harvested and 
weighed. All plants in each harvested row were used for determination of 


sucrose percentage and refractometer readings. 


Results 


The Pungicide-oil preparations reduced leaf spot damage considerably 
(table 1). The oil alone gave less control. Each treatment increased 
root yield and percent sucrose in about the same degree that it reduced 
leaf spot (figures 1 and 2). ‘There were no significant differences in 


coefficient of apparent purity among any of the treatments. 


ajo S 


Results of fungicide spray test for control of Cercospora beticola 
Beltsville, Maryland, 1961 


Results given as 5-plot ave 8 
leaf Acre yield Apparent 
(Variety SL 122MS spot Gross purity 


X SP 5481-0) reading®/ Sugar Roots Sucrose coefficient 
Pounds Tons Percent 


EAP-73 
(Copper oxychlo- 
ride + oil) 2.5 3986 13.86 14.38 80.52 
EAP-72 
(Maneb + oil) 3.2 3832 13.21 14.51 79.35 
EAP-74 
(Tri-basic copper 
sulfate + oil) 3.6 3373 12.30 13.72 79 98 
EAP-1 (Oil alone) 5.0 2887 11.06 13.07 78.63 
Control 6.2 2255 9.29 12.14 77h 
wrk oN a 8 ee a eg ee Ce ee 
LSD (P = .05) 1.0 569 1.40 0.67 N.S. 





a/ Leaf spot readings based on a scale from 0 (no disease) to 
10 (leaves completely blighted). Readings represent maximum 
rating. 
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1961 Evaluation of Fungicides for the Control of 
Cercospora Leaf Spot and Effects on 


Yield of Sugar Beets 


H. L. Bissonnette 


Seven fungicides were evaluated for the control of Cercospora Leaf 
Spot and their effect on the yield of sugar beets at the University of 
Minnesota Experiment Station, Rosemount, Minnesota. The fungicides were 
applied at their recommended rates. Where the fungicides were ronpatinl eye 


one gallon of oil (Esso EAP-1) was added to the water fungicide mixture. 


Materials and Methods: 

Sugar beet seed of the variety American 3S ‘was planted May 15. 
This seed was supplied by the American Crystal Sugar Company. The seedling 
stand was adequate for the area and was thinned by hand June 20. The 
experiment was designed as a randomized block with 12 treatments and beets 
replications of each treatment. The experimental plots were four rows 
wide and 30 feet. long with a row phair of 22 inches. Each plot was 
separated by a single row and the experiment surrounded by several border 
rows. The border rows and the single separating rdws were inoculated 
(July 2):) with a water suspension of conidia obtained from laboratory-grown 
cultures of Cercospora beticola. 

The fungicide treatments commenced the 27th of July and were continued 
for five applications at ten-day intervals. All materials were applied with 


a Solo Port Mist Sprayer. 
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The following materials were used? 


Rate per acre in 


Fungicides 40 gals. of water 

Copper A ) pounds 

Copper A lh, pounds plus 1 gallon oil 
Manzate | 1 pounds 

Manzate 14 pounds plus 1 gallon oil 
Dyrene 1 pound 

Tri-Basic Copper Sulfate , pounds 

Tri-Basic Copper Sulfate lh pounds plus 1 gallon oil 
TC - 90 1 gallon 

Copper Oxychloride 2 pounds plus 1 gallon oil 
Oil 1 gallon 
Cyprex 4+ pound 


The fungicides were applied in water at the rate of 0 gallons of 
water per acre. Oil, where used, was added to the fungicide-water mixture 
at the rate of 1 gallon per acre. The check plot was treated with water, 


at the rate of 0 gallms per acre. 


Results: 

Naturally occurring Cercospora leaf spot appeared in the field about 
July 20. On July 2h, the separating and border rows were inoculated with 
conidia of Cercospora beticola harvested from laboratory cultures. The 
inoculum consisted of a mixture of several isolates of the fungus collected 
in several different sugar beet growing areas. In connection with this 
experiment, a new method was used to grow the fungus for spore production 
in the laboratory, and subsequent inoculation with the spores proved to be 
a successful method of inoculating sugar beets for disease tests with this 
organism. 

Disease ratings were made the first week in September (table 1). The 
leaf spot ratings were somewhat higher this season than in the 1960 tests. 


I believe that the greater amount of infection was due to the new method of 


inoculation. 
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The disease ratings were significantly different at the 1~percent 
level using an F test (table 1). Copper A plus 041 and mid -nanio Cooper 
Sulfate plus Oil gave the best control. All of the fungicides gave good 
control, with the possible exception of TC-90. O11 with a fungicide did 
give the best control; 0il1 alone has less disease than the check, ‘However, 
without any outstanding differences in the disease ratings and with this 
data representing only one test, too much significance should not be placed 
on the Oil effects; whereas the Copper A fungicide has given the best 
control for two successive years. | 

The sugar percentage data was not significant this year. There was 
considerable variation within the samples and only two samples per plot were 
taken for determinations. 

The yield, tons per acre, was somewhat low in the experiment this year. 
There was a droughty condition during the last of July and early August. 
Copper A plus Oil was the only treatment which yielded significantly better 
than the check. It was not, however, eignificantly better than any of: the 
other fungicide treatments. By ranking the data, Copper A plus Oil was the 
best treatment. In general the yield in all of the copper treatments, 


except TC-90 was good. 


Summary: 
The fungicide treatment, Copper A plus Oil, was the best in both yield 


and control of the disease. The copper fungicides, in general, gave the 
best control of the disease. With each fungicide treatment the addition of. 


oil increased the fungicidial effect of the fungicide. 
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Table 1. The Sugar Beet Yield in Plots Treated Five Times with Different 
Fungicides at the Rosemount Experiment Station, 1961. 


a 





Treatments Av. tons Av. % Tons sugar Disease 
per_acre sugar per acre ratings** 
Ranked means 5% N.S. 
level of signi- 
ficance * 
Copper A 12.5 ab 12.43 1.5h 2.25 
Copper A + Oil 12.9% a 13.7 1.77 2.00 
Manzate 1242 ab =-:11.6 1.h2 2.50 
Manzate + Oil Lue ab =«-«*12..8 1.42 2.25 
Dyrene 12.0 ab 11.3 1.36 2.50 
Tri-Basic Copper Sulfate 12.6 = ab 12.5 1.58 2.50 
Tri-Basic Copper Sulfate 12.5 ab 12.5 1.56 2.00 
TC - 90 ao 11.7 Bb ad 240 1.0 3.00 
Copper Oxychloride - Oil 11.0 ab 1.0 1.5) 2.50 
Oil 10.8 ab 12.3 1.33 3475 
Check (non-inoculated) 10.6 Din lle 1. 2h 4.75 
Cyprex 9.2 Ceel0 i.e 0.9 4.00 


* Treatments not including similar letter are significantly different 
at the 5-percent level. (S-N-K multiple range test). 


##Scale: O to 7; 0 no spots; 7 most of the leaves on a plant dead.. 
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PHYSIOLOGICAL INVESTIGATIONS 


Studies on Nitrogen Nutrition and Quality 


Relation of Leaf Area to Sucrose Percentage 
and Root Yield 


Studies on Root Storage in Polyethylene Bags 


Foundation Project 15 


Myron Stout F, W. Snyder 
C. H. Smith 


Research conducted in cooperation with Michigan Agricultural 
Experiment Station. 
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PHYSIOLOGICAL STUDIES RELATED TO NITROGEN 
NUTRITION AND QUALITY 


By Myron Stout 


GREENHOUSE STUDIES 

A test was conducted to determine if "tip burn" could be induced by high 
nitrate nutrition prior to periods of low light intensity during the winter 
of 1960-61. A second purpose of the test was to determine if foliar ‘applica- 
tions of sugar or citrate might be used to prevent "tip burn" by aiding in 
the metabolism of the excess nitrate. Four hundred steckling beets of 
variety SI, 0523 were planted in a ground bed 5 X 21 feet on November 29,1960} 
200 pounds of N per acre as ammonium nitrate was applied to the soil before 
planting and the following applications were made ‘in aqueous solution after 
planting: ? . 7 

January 11, 200 lbs. per acre 
February 2, 300 tbs. peracre 
February 16, 300 lbs. per acre 
March 3, 500 lbs. per acre 

‘A total of 1500 pounds of N per acre failed to induce appreciable "tip 
burn" in SL 0523. One of Dr. Owen's breeding lines in an adjacent room did 
develop some “tip burn" in 1961, suggesting that the tendency may be a genetic 
character--modified by nutritional and environmental factors. 

Some nutritional deficiencies may develop in small beets early in the 
season,for reasons that are not readily apparent--see Schmidt Farm observation 
report, 1960. In such cases a foliar application might produce a rapid response 
if it could be applied without damiging the foliage. A small-scale test was 
conducted to determine how high a concentration of urea could be applied without 
foliar damage and if sugar added to the spray might reduce any damage caused by 
the urea. A bag of commercial urea (low in biuret) was used as the source of 


nitrogen, Concentrations up to 10% urea failed to produce appreciable burning 
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of the foliage,except in a few isolated cases where the leaves were cupped 
to retain an excessive quantity of the spray in liquid form. There were 

no consistent differences in growth of the plants, which were grown in 7 
highly fertile greenhouse soil and were periodically sprayed with any 


of the six different formulations. 


FIELD TESTS 

Soil profile samples were taken on two farms in Cache Valley in 1961. 
Comparisons were made between strips that were deeply re-cultivated in 
July and checks that were not re-cultivated. 

Soil data show a considerably higher concentration of nitrate in the 
surface of the soil in strips that were re-cultivated than in the checks. 

Yield and analytical data obtained on the plots in one field showed a 
higher average yield and higher sugar and purity of beets from the re-furrowed 
strips, although the data is based on only 36 15«feet-of-row samples. The 
average ‘differences at both top atid bottom of the field were similar. ‘The 
beets on the other farm were harvested before Samples were Cayent 

There were wide differences in surface nitrate concentration. The 
reasons for thane large differences may be due to protection or lack of 
foliar protection of the soil surface during stormy weather. Fall rains were 
undoubtedly responsible to some extent for the lowest average sugar in several 


years in this area. 
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Report to Beet Sugar Development Foundation 


F. W. Snyder, Plant Physiologist 


I. leaf Area in Relation to Sucrose Content and Size of Sugar Beet Roots. 


Iocation! East Lansing, Michigan 

Variety: Open-pollinated seed from one plant of US 01. 

Date planted: May 3, 1961. Date harvested: October 16-20, 1961. 
Experimental: Single plants grown in tiles 24" tall, 15" in diameter, 
containing 16" of builder's sand in bottom and 6" of vermiculite on top. 
Fed nutrient solution daily. The high nitrogen plants received nitrogen 
in the nutrient solution until harvest. The low nitrogen plants received 
no nitrogen after August 2. and had light green leaves after about 
September 1. 


The data of Table 1 closely parallel that reported by Ulrich 
(Plant Physiology 30: 250-257. 1955.) Note that the weight of crown 
plus leaves was particularly increased late in the season by the continued 
feeding of nitrogen until harvest and, concomitantly, depressed sucrose 
accumulation. It is postulated that the low nitrogen plants failed to 
have a greater sucrose content because of too small leaf area. © 


leaf area of specific plants included in the above data was determined 
up to 9 times during the growing season. Only the area of the primary 
leaves was determined during the growing season, but total leaf area was 
obtained at harvest. The area of the primary leaves reached a maximum in 
August or very early September and then gradually declined. Beginning in 
July, axillary leaves began to develop and increase in area until harvest. 
At harvest under high nitrogen, the area of the axillary leaves exceeded 
that of the primary leaves by as much as fourfold. 


If 2 square centimeters is taken as an initial base for leaf area, 
during the growing season plant #1. doubled its leaf area more than 14 times, 
while plant 6 doubled its leaf area over 12 times. See Table 2 for leaf 
areas of these plants at harvest. 


The data in Table 2 reveal that leaf area on August 1 correlates better 
with root weight and sucrose content than leaf area at harvest. This suggests 
that leaf area in the latter part of the season is less critical in determining 
yield and sucrose than has been suspected. Removal of nitrogen on August 2 
failed to reduce yield as much as might have been anticipated. 


TI. Influence of Nitrogen Nutrition on Transport of Carbon-1 from the 
leaf of Sugar Beet Fed Clo, in Sunlight. 
Cooperator in research: N. E. Tolbert, Department of Biochemistry, 
Michigan State University, East lansing, Michigan. 
location: Outdoors, East lansing, Michigan, 1961 growing season. 
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Experimental: Vegetative cuttings of a clone were grown in tiles au” tall, 
15" in diameter with 16" of builder's sand in the bottom and 6" of vermiculite 
on top. Fed nutrient solution daily. 

Nitrogen status: High nitrogen plants received nitrogen in nutrient solution 
until harvest. The low nitrogen plants recejyed no nitrogen after August 2. 
Approximately a millicurie of carbon-1 as C On was fed to a sugar beet 
enclosed in a plexiglass chamber. One hour after initiation of feeding, 

the chamber was removed and a nearly mature leaf was harvested, separated 
into blade and petiole and each killed in boiling 80% ethyl alcohol. The 
percent of carbon~-1 in the petiole of the leaf from a plant on high 
nitrogen was compared with that from a plant receiving no nitrogen after 
August 2. The data are given below. 


Date experiment Percent of carbon-1 in petiole of plant on Ratio of 


erformed ' High nitrogen Low nitrogen Low/High 
Sept. 19 3.09 11401 2.03 
Sept. 21 7.29 21422 2.91 
Oct 9 6.72 si ee 1.68 
Octis 4.0 9.22 Tad s ig 3h 
Oct. se 6.80 7.04 flee es 
Nov. a 4,28 10303. 2. 3) 


Comments: The more rapid transport of carbon from the leaves of sugar beets 
on low nitrogen may explain why they have more sugar in their roots than 
those on high nitrogen. Chromatographic data will be available at a later 
date. 


TIT. Effect of Leaf Removal on Yield and Sucrose of Sugar Beets on 2 levels 


of Nitrogen. 


Cooperator in research: Mark Berrett, Farmers and Manufacturers Beet Sugar 
Association, Saginaw, Michigan. 

Location: Elmer Rader Farm, Saginaw, Michigan. 

Variety: Commercial monogerm (SL 122 x 5460). 

Date planted: May 19, 1961. Date harvested: October 5, 1961. 

Crop and Fertilizer History: 1960 Corn OO}: 10-20-10, 1961 Sugar Beets LOO; 

10-20-10 banded at planting time. 

Experimental design and treatments: Randomized plots, 21 feet long, 4 rows 

wide (28" row width), 3 replications of each treatment. All rows harvested, 

weighed and sampled for sugar. Tyo levels of nitrogen: O and 100; 

sidedressed on July 6. Within each nitrogen level following treatments: 

a Control - no leaf removal 


2. Removal of i of each leaf as it developed, beginning June 30 and at 
2 week intervals through September 22. 
3. Removal of + of total number of leaves (based on number of leaves on 


plants in control plot) at same time as in treatment ©. The outer, 
large leaves were removed. 


i ate ee SE soc ea ptt seer Re 
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Nitrogen sidedressing applied 


Treatment O # per acre , 100 }: per acre 
Ave. wt. Sucrose Ave. wt. Sucrose 
per beet percentage per beet percentage 
Control 1.96 16.65 1.98 15.38 
4, of each leaf removed 1.60 16.12 LE .95 
4 total no. leaves 1.36 15.35 1.46 14.16 
removed 





Significance of data: When the sucrose percentage of commercial suger beets 
averaged less than 1) percent, this late planted and early harvested experi- 
ment with limited amount of nitrogen produced beets having 16.6 percent 
sucrose without a reduction in tonnage. Addition of 100 # of nitrogen as 

a sidedressing failed to increase yield but depressed sucrose to 15.4 
percent. Under 1961 Michigan conditions, removal of approximately half the 
leaf area reduced both tonnage and sucrose at the 2 levels of nitrogen 
nutrition. 
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PRELIMINARY STUDIES OF SUGAR BEET ROOT 
STORAGE IN POLYETHYLENE BAGS 


By C. Hs Smith 


A test at Salt lake City during the winter of 1960-61 indicated that 
polyethylene bags may be used successfully for root sterage of certain vigorous 
sugar beet hybrids and varieties. Further experiments’ are being conducted in 
the refrigerated beet storage room at Logan; Utah. However, bad storage was 
experienced with the same polyethylene bags when an attempt was made to store 
certain inbred lines and certain hybrids with these lines. Size of root was 
not a factor,and washed as well as unwashed beets showed no significant 
difference. The important difference appeared to be varietal origin. 

The successful use of 2 mil polyethylene bags by strawberry breeders 
led to a preliminary study of their use in the storage of sugar beet roots. 
Polyethylene bags of 1-1/2 mil and 2 mil tie CunaaE were used. Both washed 
and unwashed beets were placed in the ate and stored in a root cellar where 
the temperature was maintained at 38° to 40°F. Sphagnum moss was placed in 
some of the bags for the purpose of taking up excess eEintire that: might. 
collect from transpiration of the beets. 

On March 1, 1961, nearly four months after storage began, the beets 
were carefully examined for spoilage. All roots were turgid, showing no 
appreciable effects of dehydration. Beets from number 211H35 showed signs of 
Slight crown tissue disintegration. One beet was discarded because of crown 
rot and some others required slight trimming of the crown area. Beets from 
the monogerm derivative 0224 (both CT5 and CT9 parentage) were in perfect 
condition, showing no signs of either root or crown deterioration. Beets in 
CT5 derivatives, lots 0523, 0267 and 0156, showed advanced stages of crown 
deterioration. Many beets were discarded and the remainder required severe 


trimming of affected areas. 
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Previous experience of storing steckling-sized beets in ground trenches 
had proved satisfactory for most varieties. Occasionally a variety showed poor 
storageability unless trenches were opened up at an early date to allow more 
adequate aeration. Improved techniques in trench storage have alleviated some 
of this trouble. Results shown in this test indicate that possibly oxygen 
requirements or some other physiological makeup of the sugar beet differ with 
varieties and may limit root storage in polyethylene bags to beet varieties 
with rather low Manel ration during low temperature storage. 

Storage of spring-planted beets in the root cellar had its problems. 
The preliminary tests shown here with mature beets include previously tried 
methods in comparison with the use of polyethylene sheeting as a covering and 
in the form of bags. Beets remained turgid in all instances except in the top 
corner of the storage bin where the polyethylene sheeting had is sealed out 
free-flowing air from the beets. In this instance beets did show marked signs 
of dehydration. Where the sheeting was tightly held in place and more than 
one thickness covered the beets, molds appeared which would eventually lead 
to serious decomposition of the roots. In all seven treatments of mature roots 
in this test, minor spots of rot appeared and were not confined to the crown 
area as much as it appeared to be in the steckling-sized roots. 

This method of storage may aid in improving better storageability 
in sugar beet varieties. The storage of roots in polyethylene bags is con- 
venient for greenhouse use in that the roots are more accessible during 
winter months. Further studdes are necessary to determine additional informa- 


tion about these and other factors involved in obtaining adequate storage of 


sugar beet roots. 
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STORAGE OF MISC. SPRING-PLANTED SUGAR BEET ROOTS. 
DATE STORAGE BEGAN - November 17, 1960 


END OF STORAGE - April 18, 1961 
Type ae ak, MIDer sees ae 7 aus REMUS PAVED, «Soares ier nen enn 
of of CROWN ROOT NO TOTAL DISCRRDED MISC. NOTES 
storage beets ROT ROT ROT SAVED 
1 ao 2 yh 46 9 Some mold present, beets good 
in general 

2 52 51 1 No mold ~-- beets look good 

30 29 1 Goad condition 


4 50% 50% Beets with hollow crowns appear 
to go bad quickly. Mold present 
where Pol. sheet touched beets 
5 12 12 0 No mold - no rot. 
Good condition 


6 12 2 2 5 9 3 No mold 
7 a 5 10 i. 22 a No mold - top growth suppressed 
8 17 ee5 1 10 16 L No mold - some top growth 





KEY TO TYPE OF STORAGE USED ON MISCELLANEOUS SEGAR BEET ROOTS 
1 = Iettuce crate wrapped in 2 mil. polyethylene sheeting - no packing © 
2 = lLettuce crate lined with paraffin paper ~ beets packed in shavings 


3 = Beets stored in trench - boards, straw and soil over top of trench with 
tile vent -- beets packed in soil around root 


4 = Beets stored in bin - covered with polyethyléne sheeting - no packing 

5 = Beets stored in polyethylene ape 1-1/2 mil. thickness - packed in sphagnum moss 
6-2." i u . 1-1/2 " ¥ - no packing 

Tae" x a e 2 mil. o - packed in sphagnum moss 
3S aur ® " : 2 mil. _" = no packing 





